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(54) PRINTER 

(57) In a printer, since a hard member is disposed 
between a discharge nozzle and a pressure chamber 
corresponding thereto which has a nozzle introduction 
hole establishing a communication between the nozzle 
and the chamber, or a hard member is disposed 
between a discharge nozzle and a first pressure cham- 
ber corresponding thereto, and a constant flow rate noz- 
zle and a second pressure chamber corresponding 
thereto, the hard members having, respectively, a first 
nozzle introduction hole establishing a communication 
between the discharge nozzle and the first pressure 
chamber and a second nozzle introduction hole estab- 
lishing a communication between the constant flow rate 
nozzle and the second pressure chamber, when a pres- 
sure is applied to the pressure chamber, the first or sec- 
ond pressure chambers by a pressurising means, the 
pressures in those pressure chambers increase effec- 
tively and stably, and since the discharge nozzle and the 
constant flow rate nozzle are formed from a resin mem- 
ber, it is possible to form a discharge nozzle and a con- 
stant flow rate nozzle in such a manner as to sufficiently 
satisfy the working properties relative to laser and with 
good accuracy, whereby reliability and productivity can 
be improved. 
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Description 

Technical Field 

This invention relates to a processing device, for 
example, a printer device applied with advantage to an 
on-demand type Ink jet printer* device (refened to here- 
inafter sirrpty as an Ink jet printer* device). 

Background Art 

Heretofore, this sport of the Ink jet printer* device is 
such a printer device in which ink drops are emitted 
responsive to a recording signal for printing a picture on 
a recording medium, such as paper of film. Recently, 
this sort of the printer device is finding extensive appli- 
cation because it can realize a small size and a low cost 

In this 'ink jet printer* device, two methods, for 
example, are used for emitting ink drops, namely a 
method of employing heating elements and a method of 
using piezoelectric devices, such as piezo devices. 

With the method of employing the heating ele- 
ments, ink drops are emitted via an emission nozzle 
under the pressure of bubbles generated on heating the 
ink to ebullition by the heating elements. With the 
method of using the piezoelectric devices, the piezoe- 
lectric devices are deformed for pressurizing a pressure 
chamber charged with the ink for emitting the ink liquid 
drops via a nozzle port communicating with the pressu- 
rizing chamber and via an emission nozzle. 

Among the methods of using the piezoelectric 
devices, there are a method of linearly displacing a lay- 
ered type piezoelectric device comprised of three or 
more piezoelectric portions bonded to a vibrating plate 
for pressurizing the pressure chamber via the vibrating 
plate and a method of applying a voltage across single- 
layer or two-layer piezoelectric portions bonded to a 
vfcrating plate for pressurizing the pressure chamber 
via the vbrating plate. 

Fig. 11 9 shows an illustrative structure of a printer 
head in this sort of the Inkjet printer* device. This printer 
head 10200 includes a first solution supply duct 10202 
formed for opening on a surface 10201a of a base block 
10201 and flown through by an ink supplied from an ink 
tank, not shown, a pressurizing chamber 10203 formed 
for opening on the surface 10201a of the base block 
10201 in communication with the first solution supply 
duct 10202 and a second solution supply duct 10204 
formed on the opposite side with respect to the first 
solution supply duct 10202 on both sides of the pressu- 
rizing chamber 10203 towards the surface 10201a of 
the base block 10201. 

The base block 10201 is formed withandzzleinlet" 
port 10205 for opening on an opposite side surface 
10201b of the base block 10201 in communication with 
the second solution supply duct 10204. On the surface 
10201a of the base block 10201 is bonded a vibration 
plate 10206 via an adhesive, not shown. The vibration 



plate 10206 covers the ports in the pressurizing cham- 
ber 10203 and the first and second solution supply 
ducts 10202, 10204. To the vibration plate 10206 is 
mounted an ink supply pipe, not shown, connected to 

5 the ink tank. To this end, the vforation plate 10206 is 
formed with a through-hole, not shown, conforming to 
the ink supply pipe. 

On a surface 10206a of the vforation plate 10206 in 
register with the pressurizing chamber 10203 is bonded 

io a single-plate type piezoelectric device 10207 by an 
adhesive, not shown. 

On the opposite side surface 10201b of the base 
block 10201 is bonded an orifice plate 10208 by heat 
pressing for covering the opening area of the nozzle 

15 inlet port 10205. In this orifice plate 10208 is bored an 
emission nozzle 10208a in communication with the noz- 
zle inlet port 10205. 

If a pre-set pressure is applied on the piezoelectric 
device 10207 of the printer head 10200, this piezoelec- 

20 trie device 10207 becomes contracted in the in-plane 
direction by the bimorph effect so as to be warped in a 
direction shown by arrow A in Fig. 1 19. With such warp- 
ing of the piezoelectric device 10207, the vibrating plate 
10207 is warped in the (Erection shown by arrow A in 

25 Fig. 119. The result is that the pressurizing chamber 
10203 is decreased in volume and hence increased in 
pressure so that the ink charged into the pressurizing 
chamber 10203 is discharged via emission nozzle 
10208a through the nozzle inlet port 10205. 

3c In the above-described printer head, plural pressu- 
rizing chambers 10203 are arranged side-by-side. The 
first solution supply ducts 10202 are arrayed in parallel 
with the longitudinal direction of a connection pipe with 
an ink tank, not shown, termed an ink buffer tank 10209. 

35 It should be noted that the first solution supply ducts 
10202 are arranged in a direction perpendicular to the 
arraying direction of the pressurizing chambers 10203, 
that is at right angles with a supply surface 10209a of 
the ink buffer tank 10209 (the connection surface of the 

40 first solution supply duct 10202 in the ink buffer tank 
10209). The ink is supplied from the ink tank via an ink 
supply pipe, not shown, mounted in a through-hole 
10209b of the ink buffer tank 10209. Thus, the ink sup- 
plied from the ink tank via the ink buffer tank 10209 is 

45 supplied to the second solution supply duct 10204. 

Recently, document preparation using a computer, 
termed desk-top publishing, has become popular, such 
that a demand for outputting not only letters or figures 
but also a colored natural image such as a photograph 

so along with the letters or figures is increasing. For print- 
ing the natural image of high quality, reproduction of the 
half the is crucial. 

For "representing"^ 
pulse width applied to the piezoelectric device or heat- 

55 ing device is changed for controlling the emitted liquid 
drop size for varying the represented printing dot diam- 
eter. Alternatively, each pixel is constituted by a matrix 
of, for example. 4x4 dots, without changing the dot 
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diameter, for representing the gradation by the so-called 
dither method on the matrix basis. 

However, with the method of controlling the emitted 
liquid drop size in the printer head of the Ink jet printer* 
device by varying the voltage or pulse width applied to s 
the piezoelectric device or heating device, there is 
imposed a limitation to the minimum liquid drop size 
because the ink cannot be emitted if the voltage or the 
pulse width applied to the piezoelectric device or heat- 
ing device is lowered excessively. The result is that the io 
low concentration, in particular, cannot be represented 
such that the number of gradations that can be repre- 
sented becomes smaller. 

On the other hand, if each pixel is represented by a 
4x4 matrix by the method of representing the gradation is 
by the dither method, 17 gradations of the concentration 
can be represented, however, if printing is done with the 
same dot density as that in the above method, deterio- 
ration is lowered by one-fourth to render roughness 
apparent Thus, none of the above methods is practi- so 
cally not sufficient to print out a natural image. 

For eliminating the defect of the Ink jet printer' 
device, there has recently been proposed a 'carrier jet 
printer*. The printer head of the 'earner jet printer* device 
gives gradation in a dot by a quantitation nozzle for 25 
quarttitating an ink and emitting the resultant quanti- 
tated ink and an emission nozzle for emitting the dilution 
solution. The ink emitted by the quantitation nozzle and 
the dilution solution emitted by the emitting nozzle are 
unified for varying the ink concentration for giving the 30 
gradation in a dot 

This 'carrier jet printer' device also is in need of an 
ink drop emitting function similar to that required of the 
Ink jet printer* device. As a method for emitting the 
drops, a method of employing a piezoelectric device or 35 
a heating device similar to that used in the Ink jet 
printer 4 device is customarily used. 

The printer head of the above-mentioned 'carrier jet 
printer* device is constructed as follows: On one surface 
of the base block, there are defined a first pressurizing 40 
chamber charged with a dilution solution, a second 
pressurizing chamber charged with ink and first and 
second liquid supply ducts for supplying the dilution liq- 
uid and the ink thereto. On one surface of the base block 
is bonded a vibration plate by an adhesive. A piezoelec- 45 
trie device for impressing a pressure to the first pressu- 
rizing chamber is provided on a portion of the vfcration 
plate in register with the first pressurizing chamber, 
whilst a piezoelectric device for impressing a pressure 
to the second pressurizing chamber is provided on a so 
portion of the vibration plate in register with the second 
pressurizing chamber. 

On the opposite surface of the base block are 
formed first and second nozzle inlet ports communicat- 
ing with the first and second pressurizing chambers, ss 
respectively, and an orifice plate formed with an emis- 
sion nozzle and a quantitation nozzle communicating 
with the first and second nozzle inlet ports, respectively. 



The first and second liquid supply ducts communi- 
cate with a dOution liquid buffer tank and an ink buffer 
tank, respectively. The first and second liquid supply 
ducts are arrayed at right angles with the arraying direc- 
tion of the first and second pressurizing chambers, that 
is with the supply surface of the dilution Gquid buffer tank 
and the delivery surface of the dilution liquid buffer tank, 
as in the case of the above-mentioned printer head 1. 

In the through-holes of the ink buffer tank and the 
dilution liquid buffer tank are mounted an ink supply pipe 
connected to the ink tank and a dilution liquid supply 
pipe connected to the dlution liquid tank. Thus, the ink 
supplied form the ink tank via an ink buffer tank is sup- 
plied to the second liquid supply duct, while the dilution 
liquid supplied from the dilution liquid tank via dilution 
liquid buffer tank is supplied to the first liquid supply 
duct. 

In the above example, the dilution liquid is used as 
the quantitation medium, whilst the ink is used as a 
quantitation medium. Alternatively, the ink and the dilu- 
tion liquid may be used as the emitting mecfium and the 
quantitation medium, respectively. 

Meanwhile, in the Ink jet printer* device and 'carrier 
jet printer*, it is required of the printer head to deposit 
the emitted liquid accurately on a recording medium, 
such as a paper sheet In particular, if characters, such 
as letters, and natural images, are regenerated with 
high definition on a recording medium, the dot size on 
such recording medium is required to be as small as at 
most 200 urn or less. Thus, an emission nozzle having 
a diameter at most 100 ^m or less and preferably on the 
order of 30 to 50 ^m and an aspect ratio of 1 or larger 
needs to be formed on an orifice plate, thus requiring 
high processing precision. 

If a drill is used as means for processing the emis- 
sion nozzle, the above-mentioned condition cannot be 
met without difficulties, because a limitation is imposed 
on the processing diameter. For enabling processing of 
the emission nozzle for satisfying the above conditions, 
it has recently been frequently tried to perforate a 
through-hole for an emission nozzle in an orrfce plate 
using laser, such as eximer laser. 

That is, if a through-hole for an emission nozzle s 
formed in an orifice plate of an organic material, such as 
polyimide or polysutfide, the through-hole can be 
formed efficiently because of the large depth of the hole 
that can be processed per pulse. However, if a through- 
hole for an emission nozzle is formed in an orifice plate 
of a metal material, such as stainless steel, the through- 
hole can be formed only with poor efficiency as com- 
pared to the case of forming the through-hole fora noz- 
zle in the orifice plate of an organic material because of 
the depth of the through-hole per pulse shallower than 
that of the hole for the organic material. Moreover, the 
through-hole thus formed is not suited to an emission 
nozzle such that the printer device is lowered in produc- 
tivity and performance. 

For efficiently emitting the liquid drops in the Ink jet 
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printer* device or in the "carrier jet printer" device, in 
other words, for assuring reliability of the printer device, 
the pressure generated by the piezoelectric device 
needs to be impressed effectively to the first or second 
pressurizing chambers charged with the dilution liquid 
or the ink . Thus, the orifice plate needs to be formed of 
metal, such as stainless steel, higher in strength than 
the organic material and having a thickness on the order 
of, for example, 90 jim. In particular, if a piezoelectric 
device is used as pressure impressing means for 
impressing the pressure to the first and second pressu- 
rizing chambers, the pressurizing chambers need to be 
larger in size than if the heating device is used, so that 
a higher strength is required of the material of the wall 
member of the pressurizing chambers. 

Thus, if a piezoelectric device is used as pressuriz- 
ing means for pressing a pressure to the first and sec- 
ond pressurizing chambers, the orifice plate needs to 
be formed of a material, such as stainless steel, with a 
strength and a thickness large enough to apply an effec- 
tive pressure against the first and second pressurizing 
chambers. However, if the orifice plate is formed of for 
example, stainless steel, laser characteristics cannot be 
fully displayed, as discussed previously. 

That is, such orifice plate capable of sufficiently 
meeting the requirements for a strength necessary for 
effectively and stably increasing the pressure within the 
first and second pressurizing chambers and processing 
amenability to laser cannot be realized without difficul- 
ties. 

In such printer device, it has been required to ena- 
ble the pressure within the pressurizing chamber effec- 
tively and stably, to sufficiently meet processing 
amenability to laser, to form an emission nozzle to high 
precision and to improve productivity and reliability. 

Meanwhile, in the above-described Ink jet printer* 
and 'carrier jet printer*, it is necessary for the ink or the 
dilution solution to be charged without forming air bub- 
bles in the pressurizing chamber. This pressurizing 
chamber is the pressurizing chamber in the case of the 
Ink jet printer* and the first and second pressurizing 
chambers in the case of the 'carrier jet printer*. Thus, a 
highly advanced bonding technique is required for 
bonding to a base block a vibration plate arranged for 
overlying these pressurizing chambers. 

Among the methods of bonding the vibration plate 
to the base block, there is a method consisting in apply- 
ing an adhesive to an adhesive surface of the vibration 
plate and subsequently bonding the vibration plate to 
the base block. However, in this case, it is technically 
difficult to set the thickness of the adhesive layer applied 
to the vibration plate to not more than 2 jim, such that, if 
the liquid supply duct~(1i^id supply duct irTtheT case 6f~ 
the Ink jet printer* and first and second liquid supply 
ducts in the case of the 'carrier jet printer*) formed in the 
base block is of shallow depth, these liquid supply ducts 
tend to be stopped with the adhesive. If the liquid supply 
ducts are stopped in this manner, the resistance by the 



Gquid supply duct is increased, so that the printer device 
tends to be lowered in reliability. 

Among the methods of eliminating these problems, 
there is a method of increasing the aspect ratio of these 

s liquid supply ducts for preventing the liquid supply ducts 
from being stopped by the adhesive. The liquid supply 
duct with a high aspect ratio can be formed by aniso- 
tropic etching using, for example, a silicon substrate as 
the base block. 

io However, in this case, an inconvenience is raised 
that the freedom in selecting the material type of the 
vibration plate is limited significantly. It is because the 
vibration plate is heated and pressured in bonding the 
vibration plate to the base block and hence the thermal 

is expansion coefficient of the vibration plate needs to be 
approached to that of the silicon substrata 

There has also been proposed a method of bonding 
the vibration plate to the base block using a thermoplas- 
tic adhesive sheet for preventing the liquid supply duct 

20 from being stopped with the adhesive (Japanese Patent 
Application 5-183625). However, in this case, since the 
adhesive sheet is bonded by pressuring under heat 
application, it is necessary to form a bore in meeting 
with a through-hole previously formed in the vforation 

25 plate for attaching the ink supply duct to the vibration 
plate, thus correspondingly increasing the bonding 
steps. 

In addition, since the bore needs to be formed in the 
adhesive sheet in consideration of the contraction ratio 

30 thereof, an extemely high degree of precision is 
required in registration between the bore in the adhe- 
sive sheet and the through-hole in the vtoration plate. 
Moreover, a high degree of precision is required in tem- 
perature management during pressure bonding under 

35 heat application, thus complicating the bonding step for 
the vibration plate. 

Thus, a method of bonding the vibration plate to the 
base block without using the adhesive, has also been 
proposed, such as a method of bonding the vibration 

40 plate to the base block using a dry film resist exhibiting 
photosensitivity and adhesive properties. 

However, with the method of using a dry film resist, 
thermosetting processing is required for rendering the 
dry film resist in use resistant against the ink and the 

45 dilution solution thus correspondingly increasing the 
number of steps and complicating the bonding process. 
Also, since the light exposure device is required, the 
production cost for the printer head is raised or the pro- 
duction process is complicated. 

so There is also known a method of bonding the vibra- 
tion plate to the base block by anodic bonding using a 
vitreous material as the material for the base block and 



the vibrationplate, as a method of bonding the vibration 
plate to the base without using an adhesive. In this 
55 case, since the vitreous material is weak against impact 
or damage, it is difficult to select the thickness of the 
vibration plate to not more than 10 nm for maintaining a 
pre-set strength. The result is that it becomes difficult to 
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reduce the driving voltage applied to the piezoelectric 
device thus raising the load applied to the piezoelectric 
device while increasing the power consumption of the 
primer device. Also, it becomes difficult to reduce the 
size of the pressurizing chamber, that is to reduce the s 
pitch of the emitting nozzles and/or the quantrtating noz- 
zles. 

Thus, in the prior art device, the liquid supply duct is 
stopped by the adhesive if such adhesive is used for 
bonding the vibration plate, thus lowering the reliability io 
of the printer device, whereas, if the adhesive is not 
used for evading the stopping of the liquid supply duct 
by the adhesive, the bonding process becomes compli- 
cated. 

Thus, in the printer device, it is a desideratum that is 
the vforation plate be bonded to the base block with high 
precision to improve reliability without complicating the 
bonding process for the vibration plate. 

Meanwhile, if air bubbles exist in the pressurizing 
chamber n the above-descrfced printer head of the 'ink so 
jet printer 1 or of the "carrier jet printer, the air bubbles 
present in the pressurizing chamber are merely 
reduced in volume under pressure if the pressure in the 
pressurizing chamber is increased by pressurizing 
means, such as piezoelectric device provided in the 25 
pressurizing chamber, while the liquid charged in the 
pressurizing chamber is not increased in pressure. That 
is, the air bubbles, as a compressible fluid, absorb the 
pressure applied by the pressure increasing means, 
thus extruding the ink via the quantitation nozzle to so 
render it difficult to emit the dilution liquid mixed with the 
ink (mixed liquid drops) via emission nozzle. Moreover, 
the ink or the mixed liquid drops emitted via the emis- 
sion nozzle become insufficient in volume or velocity 
thus deteriorating the picture quality. 35 

Therefore, in both the printer head of the Ink jet 
printer* and the printer head of the 'carrier jet printer', it 
has been crucial to eliminate air bubbles left in the pres- 
surizing chamber. 

In order for air bubbles not to be present in the pres- 40 
surizing chamber, it is crucial that air bubbles be not 
allowed to enter the inside of the pressurizing chamber 
at the time of tank mounting such as when the printer 
device is started to be used or when the ink tank or the 
dilution liquid tank is exchanged, ft is also crucial that air 45 
bubbles be not allowed to enter the inside of the pressu- 
rizing chamber during printing. 

However, as for the air bubbles mixed during 
mounting of the solution tank, there are occasions 
wherein no liquid is present on the wall surface of the so 
pressurizing chamber, such that, as shown in Hgs.121 
and 122, there is the possibility that the air bubbles be 
affixed to the wall surface of the pressurizing chamber 
10210 or to the wall surface of the nozzle inlet hole 
1021 1,. The air bubbles, once affixed to the wall surface ss 
of the pressurizing chamber 10210 or to the wall surface 
of the nozzle inlet hole 1 021 1 , cannot be discharged by 
usual maintenance out of the pressurizing chamber 



10210 or the nozzle inlet hole 10211. In particular, if, 
with air bubbles 10213, shown in Rgs.121 and 122, 
present in the pressurizing chamber 10210 or the noz- 
zle inlet hole 1021 1 , the liquid is charged into emission 
nozzle 10212, such that the liquid meniscus has been 
formed in the vicinity of the foremost part of the emis- 
sion nozzle 10212, it is difficult to remove the air bub- 
bles present in the pressurizing chamber 10210 or the 
nozzle inlet hole 10211. 

Thus, in the printer device, t has been a desidera- 
tum to reduce the amount of air bubbles affixed to the 
wall surface of the pressurizing chamber more exten- 
sively than in the conventional system, in particular, to 
reduce the amount of air bubbles affixed to the wail sur- 
face of the pressurizing chamber during mounting the 
ink tan and/or dilution liquid tank to improve the picture 
quality of the recorded picture to improve the reliability 
of the device. 

Meanwhile, in the above-mentioned Inkjet printer's 
or 'carrier jet printer*, it has been desired to reduce the 
device size. However, if, in these printers, the silicon 
substrate is used as the base block, and a liquid supply ^ 
duct with a high aspect ratio is to be formed by aniso- a 
tropic etching, with a view to preventing the liquid supply 
duct from being stopped by the adhesive as discussed 
previously, the direction of forming the liquid supply duct " 
cannot be selected freely, because it is not possible with 
anisotropic etching to select the crystal plane freely The-* 
result is that the liquid supply duct can be formed only in ' 
a direction perpendicular to the arraying direction of the 
pressurizing chambers, resulting in increased area of 
the liquid supply duct with respect to the overall printer 
head and increased difficulties in coping with reduction 5 
in size of the printer device. 

Thus, in the above printers, it is an incumbent task 
to reduce an area taken up by the liquid supply duct to 
meet the demand for size reduction. 

Disclosure of the Invention 

For overcoming the above problem, the present 
inventors have conducted perseverarrt researches and 
found that, if a hard member is arranged between the 
emission nozzle and the quantitation nozzle on one 
hand and the associated pressurizing chambers on the 
other hand and a nozzle inlet opening for communica- 
tion therebetween is formed in the hard member, the 
pressure in the pressurizing chamber can be increased 
effectively and stably thus enabling manufacture of the 
emission nozzle or the quantitation nozzle with high 
accuracy in meeting with laser working characteristics 
thus improving productivity and reliability of the printer 
device. 

A printer device according to the first subject-matter 
of the invention includes a pressurizing chamber form- 
ing unit having a pressurizing chamber and a liquid sup- 
ply duct for supplying the liquid to the pressurizing 
chamber, a vibration plate arranged for overlying the 
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pressurizing chamber, a piezoelectric device arranged 
in register with the pressurizing chamber via the vibra- 
tion plate, a hard member formed with a nozzle inlet 
opening communicating with the pressurizing chamber 
and a resin member formed with an emission nozzle 5 
communicating with the nozzle inlet opening. 

A printer device according to the second subject- 
matter of the invention includes a pressurizing chamber 
forming unit having a first pressurizing chamber into 
which an emission medium is introduced, a first liquid 10 
supply duct for supplying the mission medium to the first 
pressurizing chamber, a second pressurizing chamber 
into which a quantization medium is introduced, and a 
second liquid supply duct for supplying the quantization 
medium into the second pressurizing chamber, a vfcra- is 
tton plate arranged for overlying the first pressurizing 
chamber and the second pressurizing chamber, a pie- 
zoelectric device arranged in register with each pressu- 
rizing chamber via the vforation plate, a hard member 
formed with a first nozzle inlet opening communicating 20 
with the first pressurizing chamber and a second nozzle 
inlet opening communicating with the second pressuriz- 
ing chamber and a resin member formed with an emis- 
sion nozzle communicating with the first nozzle inlet 
opening and a quantitation nozzle communicating with 2s 
the second nozzle inlet opening. The quantitation 
medium is oozed from the quantitation nozzle towards 
the emission nozzle and subsequently the emission 
medium is emitted from the emission nozzle for mixing 
the emission medium with the quantitation medium for 30 
emitting the resulting mixture. 

In the printer device according to the first subject- 
matter and the second subject-matter of the invention, 
the hard member is preferably formed of metal and the 
metal is preferably nickel or stainless steel. The metal 35 
may be typified by 303 stainless steel, 304 stainless 
steel or 42 nickel. Aluminum or copper is not preferred 
because aluminum tends to be attacked by dye while 
copper ions of copper tend to affect the dye. 

In the printer device according to the first subject- 40 
matter and the second subject-matter of the invention, 
the hard member and the resin member are preferably 
layered together. 

In the printer device according to the first subject- 
matter of the invention, the nozzle inlet opening of the 45 
hard member is preferably larger in diameter than the 
emission nozzle of the resin member. In the printer 
device according to the second subject-matter of the 
invention, the first nozzle inlet opening of the hard mem- 
ber is preferably larger in diameter than the emission so 
nozzle of the resin member, whilst the second nozzle 
inlet opening of the hard member is preferably larger in 
diameter than the quantitation nozzle of theresiri mem- 
ber. 

In the printer device according to the first subject- ss 
matter of the invention, a protrusion is preferably formed 
around the opening of the nozzle inlet opening towards 
the resin member. In the printer device according to the 



second subject-matter of the invention, a protrusion is 
preferably formed around the openings towards the 
resin member of the first nozzle inlet opening and the 
second nozzle inlet opening. 

In the printer device according to the first subject- 
matter and the second subject-matter of the invention, 
the hard member is preferably not less than 50 jim in 
thickness. 

In the printer device according to the first subject- 
matter and the second subject-matter of the invention, 
the resin member is preferably formed of a resin having 
a glass transition temperature of not higher than 250°C 
or of a first resin having a glass transition temperature of 
not higher than 250°C and a second resin having a 
glass transition temperature of not higher than 250°C. 

For overcoming the above problem, the present 
inventors have conducted further researches and found 
that, if the liquid supply duct for sipplying the liquid to 
each pressurizing chamber is provided on the side of 
the quantitation nozzle or the emission nozzle not pro- 
vided with the vforation plate of the pressurizing cham- 
ber forming unit the vibration plate can be bonded with 
high accuracy to the base without complicating the 
bonding process of the vibration plate thus improving 
reliability of the printer device. 

That is, in the printer device according to the third 
subject-matter of the invention, similar in structure to the 
printer device of the first subject-matter of the invention, 
the pressurizing chamber is formed on one surface of 
the pressurizing chamber forming unit, the vibration 
plate and the piezoelectric device are arranged on the 
surface, the liquid supply duct is formed on the opposite 
surface of the pressurizing chamber forming unit and 
the hard member and the resin member are arranged 
on this opposite surface. 

That is. the printer device according to the fourth 
subject-matter of the invention, similar in structure to the 
printer device of the second subject-matter of the inven- 
tion includes a first pressurizing chamber and a second 
pressurizing chamber on one surface of the pressuriz- 
ing chamber forming unit. The vibration plate and the 
piezoelectric device are arranged on the surface, a first 
liquid supply duct and a second liquid supply duct are 
formed on the opposite surface of the pressurizing 
chamber forming unit and the hard member and the 
resin member are arranged on this opposite surface. 

In the printer devices according to the third subject- 
matter and the fourth subject-matter of the invention, 
the pressurizing chamber forming unit is preferably 
formed of metal. 

In the printer devices according to the third subject- 
matter and the fourth subject-matter of the invention, 
- th¥pre^urizii^cha^ fofming~uritt is preferably Tiot ~ 
less than 0.1 mm in thickness. 

For overcoming the above problem, the present 
inventors have conducted further searches and found 
that, if the liquid supply duct for supplying the liquid to 
each pressurizing chamber is formed obliquely to the 
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arraying direction of the pressure chambers or to the 
delivery surface of supplying the liquid from the liquid 
supply source to the liquid supply duct the length of the 
liquid supply duct in the direction inclined relative to the 
predictive coding arraying direction or the delivery sur- 5 
face can be shortened for reducing the overall size 
Meanwhile, it has also been found that, with a liquid 
supply duct communicating via pressurizing chamber 
with the emission nozzle, a certain length is required tor 
securing vigor in emission and that such liquid supply 70 
duct proves to obstruct the overall size reduction 

That is, in the printer device according to the fifth 
subject-matter of the invention, similar in structure to the 
printer device of the first subject-matter of the invention, 
a plurality of pressurizing chambers are arrayed in a is 
pre-set direction, each one liquid supply duct is pro- 
vided for each pressurizing chamber, a liquid supply 
source is provided for supplying the liquid to the liquid 
supply source and the liquid supply duct is provided 
obliquely to a delivery surface of supplying the liquid to 20 
each liquid supply duct from the liquid supply source. 

In the printer device according to the sixth subject- 
matter of the invention, similar in structure to the printer 
device of the second subject-matter of the invention, a 
plurality of first pressurizing chambers are formed in a 25 
pre-set direction, each one first liquid supply duct is pro- 
vided for each first pressurizing chamber, a plurality of 
second pressurizing chambers are formed in a pre-set 
direction, each one second liquid supply duct is pro- 
vided for each second pressurizing chamber, a liquid so 
supply source is provided for supplying the liquid to 
each of the first and second liquid supply ducts and the 
first liquid supply ducts are arranged obliquely to the 
arraying direction of the first pressurizing chambers. 

In the printer device according to the fifth subject- 35 
matter of the invention, each liquid supply duct is prefer- 
ably formed at an angle not less than 45° and less than 
80°. In the printer device according to the sixth subject- 
matter of the invention, each first liquid supply duct is 
preferably formed at an angle not less than 45° and less 40 
than 80° relative to the arraying direction of the first 
pressurizing chamber. 

In the printer device according to the fifth subject- 
matter of the invention, each liquid supply duct is prefer- 
ably of the same shape and length. In the printer device 4S 
according to the sixth subject-matter of the invention, 
each first liquid supply duct is preferably of the same 
shape and length. 

In the printer devices according to the fifth subject- 
matter and the sixth subject-matter of the invention, the so 
pressurizing chamber forming unit is preferably formed 
of metal and each pressurizing chamber, liquid supply 
duct, each pressurizing chamber and each liquid supply 
duct are preferably formed by perforation. 

In the printer device according to the seventh sub- 55 
ject-matter of the invention, similar in structure to the 
printer device of the first subject-matter of the invention, 
a plurality of pressurizing chambers are arrayed in a 



pre-set direction, a liquid supply duct is arranged in 
association with each pressurizing chamber, there is 
provided a liquid supply source for supplying the liquid 
to these liquid supply ducts and the liquid supply ducts 
are arranged in an oblique direction relative to the deliv- 
ery surface for supplying the liquid from the liquid supply 
source to each liquid supply duct. 

In the printer device accorcfing to the eighth subject- 
matter of the invention, similar in structure to the printer 
device of the first subject-matter of the invention, a plu- 
rality of first pressurizing chambers are arrayed in a pre- 
set direction, a first liquid supply duct is arranged in 
association with each first pressurizing chamber, a plu- 
rality of second pressurizing chambers are arrayed in a 
pre-set direction, a second liquid supply duct is 
arranged in association with each first pressurizing 
chamber, there is provided a liquid supply source for 
supplying the liquid to the first and second liquid supply 
ducts and the first liquid supply ducts are arranged in an 
oblique direction relative to the delivery surface for sup- 
plying the liquid from the liquid supply source to each 
first liquid supply duct 

Meanwhile, if the pressurizing chamber and first 
and second pressurizing chambers are formed on one 
surface of the pressurizing chamber forming unit, and 
the liquid supply duct and first and second liquid supply 
ducts are formed on the other surface thereof, as in the 
third subject-matter and the fourth subject-matter of the 
invention, etching is done from both sides of the pressu- 
rizing chamber forming unit for forming each pressuriz- 
ing chamber and the associated liquid supply duct for 
establishing communication therebetween. However) if 
the pressurizing chambers and the liquid supply ducts 
are formed by etching for establishing communication 
therebetween , the following inconveniences arise. 

If a groove which proves to be the pressurizing 
chamber and the liquid supply duct is formed by etching 
in the base, there is formed a rounding r having a radius 
equal to approximately one-fourth the thickness of a 
base 10215 indicated by h in the bottom of a groove 
10214 formed by etching, as shown in Fig. 123. 

Specifically, the rounding r formed in the bottom of 
the groove 10214 which proves to be the pressurizing 
chamber and the liquid supply duct leads to a shallow 
depth of the pressurizing chamber and the liquid supply 
duct such that the width of the connecting portion 
between the bottom of the pressurizing chamber 10216 
formed by etching and the bottom of the liquid supply 
duct 10217 (connection hole 10218 of the liquid supply 
duct 10217) tends to become non-uniform and moreo- 
ver becomes smaller than the width of the area of the 
liquid supply duct 10217 other than the connection 
opening 10218 of the liquid supply duct 10217. Thus, 
the flow path resistance in each liquid supply duct tends 
to be varied and becomes larger than the value inher- 
ently necessary as flow path resistance, such that sta- 
ble emission of the ink or the ink/dilution solution 
mixture tends to become impossible. 
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In particular, if the desired flow path resistance is to 
be realized by prescribing the length of the liquid supply 
duct for reducing the size of the print head by reducing 
the area of the liquid supply duct in the print head, the 
liquid supply duct needs to be reduced in width to 5 
render the above problem more perplexing. 

If moreover the width of the pressurizing chamber 
or that of the liquid supply duct whichever is narrower, 
is less than the thickness of the base, it is presumably 
extremely difficult to establish communication between 
the pressurizing chamber and the liquid supply duct 
whilst the inherently necessary flow path resistance is 
maintained. 

For overcoming this problem, it may be contem- 
plated to enlarge the width of the pressurizing chamber 
and the liquid supply duct to reduce the chance of 
occurrence of connection troubles between the pressu- 
rizing chamber and the liquid supply duct 

However, if the liquid supply duct is increased in 
width, the flow path resistance of the liquid supply duct 
is decreased, so that for emitting the ink or the mixed 
solution stably from the nozzle, the length of the liquid 
supply duct needs to be increased, thus correspond- 
ingly increasing the area of the liquid supply duct in the 
print head and hence the printer head size. 

Thus, in the printer device of the third subject-mat- 
ter and the fourth subject-matter of the invention, it has 
been a desideratum to interconnect the pressurizing 
chamber and the liquid supply dud reliably without 
increasing thee size of the print head for stable emission 
of the ink or the mixed solution. 

That is, in the printer device of the third subject- 
matter of the invention, similar to the third printer device, 
the liquid supply duct and the pressurizing chamber of 
the pressurizing chamber forming unit communicate 
with each other and the cross-sectional area of the liq- 
uid supply duct in a direction perpendicular to the solu- 
tion passing direction is larger than that of an optional 
other portion of the liquid supply duct in a direction per- 
pendicular to the solution passing direction. 

In the printer device of the tenth subject-matter of 
the invention, similar to the fourth printer device, the first 
pressurizing chamber and the second pressurizing 
chamber of the pressurizing chamber forming unit com- 
municate with the first liquid supply duct and the second 
liquid supply duct respectively, the the liquid supply 
duct and the pressurizing chamber of the pressurizing 
chamber forming unit communicate with each other and 
the cross-sectional area of the liquid supply duct in a 
direction perpendicular to the solution passing direction 
is larger than that of an optional other portion of the liq- 
uid supply duct in a direction perpendicular to the solu- 
lionpassing direction 

In the printer devices of the ninth subject-matter 
and the tenth subject-matter of the invention, the width 
of the connection opening is preferably larger than the 
thickness of the pressurizing chamber forming unit. 

In the printer device of the ninth the subject-matter 



of the invention, the width of the liquid supply duct at the 
connection opening or the width of an optional portion 
other than the connection opening is not larger than the 
thickness of the pressurizing chamber forming unit In 
the printer device of the tenth subject-matter of the 
invention, the width of the first liquid supply duct at the 
connection opening or the width of an optional portion of 
the first liquid supply duct other than the connection 
opening, whichever is narrower, is not larger than the 
thickness of the pressurizing chamber forming unit, 
while the width of the second liquid supply duct at the 
connection opening or the width of an optional portion of 
the second liquid supply duct other than the connection 
opening, whichever is narrower, is not larger than the 
thickness of the pressurizing chamber forming unit 

The present inventors have conducted further 
researches for realizing the above object and found 
that, if the width of the portion of each pressurizing 
chamber communicating with each nozzle inlet opening 
is smaller than that in an optional other portion, air bub- 
bles can be prevented from being deposited on the wall 
surface of the pressurizing chamber for improving the 
picture quality of the recording picture for improving the 
reliability of the printer device. 

That is, in the printer device of the eleventh subject- 
matter of the invention, similar to the first printer device, 
the width of the portion of the pressurizing chamber 
communicating with the second nozzle inlet opening is 
smaller than the width of an optional other portion of the 
pressurizing chamber. 

In the printer device of the twelfth subject-matter of 
the invention, similar to the second printer device, the 
width of the portion of the pressurizing chamber com- 
municating with the first nozzle inlet opening is smaller 
than the width of an optional other portion of the first 
pressurizing chamber, while the width of the portion of 
the pressurizing chamber communicating with the sec- 
ond pressurizing chamber and the width of the portion 
of the pressurizing chamber communicating with the 
second nozzle inlet opening is smaller than the width of 
an optional other portion of the second pressurizing 
chamber. 

In the printer device of the eleventh subject-matter 
of the invention, the width of the pressurizing chamber 
in the vicinity of the portion thereof communicating with 
the nozzle inlet opening is progressively decreased 
towards the portion communicating with the nozzle inlet 
opening. In the printer device of the twelfth subject-mat- 
ter of the invention, the width of the first pressurizing 
chamber in the vicinity of the portion thereof communi- 
cating with the first nozzle inlet opening is progressively 
decreased towards the portion communicating with the 
"first nozzle inlet opening, whilst the width of the second" 
pressurizing chamber in the vicinity of the portion 
thereof communicating with the second nozzle inlet 
opening is progressively decreased towards the portion 
communicating with the second nozzle inlet opening. 

In the printer device of the eleventh subject-matter 
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of the invention, the width of the pressurizing chamber 
in the portion thereof communicating with the nozzle 
inlet opening is approximately equal to the width of the 
nozzle inlet opening. In the printer device of the twelfth 
subject-matter of the invention, the width of the first 
pressurizing chamber in the portion thereof communi- 
cating with the first nozzle inlet opening is approxi- 
mately equal to the width of the first nozzle inlet 
opening, while the width of the second pressurizing 
chamber in the portion thereof communicating with the 
second nozzle inlet opening is approximately equal to 
the width of the second nozzle inlet opening. 

Moreover, in the printer device of the eleventh sub- 
ject-matter of the invention, the maximum separation 
between the inner peripheral wall of the emission nozzle 
at one end towards the nozzle inlet opening and the 
inner peripheral wall of the nozzle inlet opening at one 
end towards the emission nozzle in the direction of 
width is not larger than 0.1 mm. In the printer device of 
the twelfth subject-matter of the invention, the maximum 
separation between the inner peripheral wall of the 
emission nozzle at one end towards the first nozzle inlet 
opening and the inner peripheral wall of the first nozzle 
inlet opening at one end towards the emission nozzle in 
the direction of width is not larger than 0. 1 mm, whereas 
the maximum separation between the inner peripheral 
wall of the quantitation nozzle at one end towards the 
second nozzle inlet opening and the inner peripheral 
wall of the second nozzle inlet opening at one end 
towards the quantitation nozzle in the direction of width 
is not larger than 0.1 mm. 

In addition, in the printer device of the eleventh sub- 
ject-matter of the invention, the width of the nozzle inlet 
opening is preferably not larger than 2.5 times the thick- 
ness of the pressurizing chamber forming unit, 
whereas, in the printer device of the twelfth subject-mat- 
ter of the invention, the widths of the first and second 
nozzle inlet openings are preferably not larger than 2.5 
times the thickness of the pressurizing chamber forming 
unit. 

In the printer devices of the eleventh subject-matter 
and the twelfth subject-matter of the invention, the pres- 
surizing chamber forming unit is preferably formed of 
metal which is etched to form each pressurizing cham- 
ber and each liquid supply duct 

In the printer devices of the first subject-matter of 
the invention, a hard member having a nozzle inlet 
opening is arranged between an emission nozzle and 
an associated pressurizing chamber for establishing 
communication therebetween whereas, in the printer 
devices of the second subject-matter of the invention, a 
hard member having a first nozzle inlet opening is 
arranged between an emission nozzle and an associ- 
ated first pressurizing chamber for establishing commu- 
nication therebetween or a second nozzle inlet opening 
between a quantitation nozzle and an associated sec- 
ond pressurizing chamber establishing communication 
therebetween, so that, if pressure is applied by a pres- 



surizing unit across the pressurizing chamber, first pres- 
surizing chamber or the second pressurizing chamber, 
the pressure in these pressurizing chambers rises 
effectively and stably. Since the emission nozzle and the 

5 quantitation nozzle are formed in a resin member, these 
nozzles can be formed with high accuracy in meeting 
with laser working characteristics for improving reliabil- 
ity and productivity. 

In the above-descrfoed printer device of the third 

io subject-matter of the invention, a pressurizing chamber 
is arranged on one surface of a pressurizing chamber 
forming unit, a vfcration plate is arranged on this surface 
and a liquid supply duct for supplying the liquid to this 
pressurizing chamber is formed on the opposite side 

is surface of the pressurizing chamber forming unit that is 
towards the emission nozzle not provided with the vibra- 
tion plate. In the printer device of the fourth subject-mat- 
ter of the invention, the first and second pressurizing 
chambers are formed on one surface of the pressurizing 

so chamber forming unit, a vibration plate is mounted on 
this surface and the first and second liquid supply ducts/ 
for supplying the liquid to the first and second pressuriz- ' 
ing chambers are provided on the other surface of the' 1 
pressurizing chamber forming unit that is towards the 

ss emission nozzle and the quantitation nozzle not pro- 5 
vided with the vibration plate. Thus, the liquid supply " 
ducts are not filled with the adhesive during bonding the 
vibration plate, and the vibration plate is bonded with 
high accuracy to the base block while there is no risk of ' 

30 complicating the vibration plate bonding process, thus 
improving reliability. ; 

In the printer device of the fifth subject-matter of the z 
invention and the printer device of the seventh subject- ' 
matter of the invention, the liquid supply duct for suppfy- 

35 ing the liquid to the pressurizing chamber communicat- 
ing with the emission nozzle is formed obliquely to the 
arraying direction of the pressurizing chambers or to the 
delivery surface of supplying the liquid from the liquid 
supply source to the liquid supply duct whereas, in the 

40 printer device of the sixth subject-matter of the invention 
and the printer device of the eighth subject-matter of the 
invention, the first liquid supply duct for supplying the 
liquid to the first pressurizing chamber communicating 
with the emission nozzle is formed obliquely to the 

45 arraying direction of the first pressurizing chambers and 
to the delivery surface of supplying the liquid from the 
liquid supply source to the first liquid supply duct. Thus, 
the length of the liquid supply duct in a direction perpen- 
dicular to the pressurizing chamber arraying direction or 

so to the delivery surface is shortened for reducing the 
size. Also, since the liquid supply duct communicating 
with the emission nozzle via pressurizing chamber and 
first pressurizing chamber and the first liquid supply 
duct are also formed obliquely to the pressurizing cham- 

55 ber arraying direction or to the delivery surface for sup- 
plying the liquid to each liquid supply duct, the length of 
these liquid supply ducts is maintained to some extent 
thus assuring the vigor of emission. 
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Moreover, in the printer device of the ninth subject- 
matter of the invention, the pressurizing chamber of the 
pressurizing chamber forming unit communicates with 
the liquid supply duct and the cross-sectional area of 
the connection openings in a direction perpendicular to 5 
the solution passing direction is selected to be larger 
than that of an optional other portion of the liquid supply 
duct in a direction perpendicular to the solution passing 
direction, whereas, in the printer device of the tenth sub- 
ject-matter of the invention, the first and second pressu- 70 
rizing chambers of the pressurizing chamber forming 
unit communicate with the first and second liquid supply 
ducts and the cross-sectional area in a direction per- 
pendicular to the solution passing direction of these 
connection openings is selected to be larger than that of 15 
optional other portions of the associated first and sec- 
ond liquid supply ducts. Thus, the pressurizing chamber 
and the liquid supply duct are connected reliably to each 
other, while the first and second pressurizing chambers 
and the first and second liquid supply ducts are also 20 
connected reliably to each other, thus assuring substan- 
tially constant fluid path resistance in each liquid supply 
duct to emit the ink or the mixed solution stably. Also, 
there is no necessity of increasing the length or each liq- 
uid supply duct thus evading the risk of increasing the 25 
printer head size. 

In the printer device of the eleventh subject-matter 
of the invention, the width of the portion of the pressuriz- 
ing chamber communicating with the nozzle inlet open- 
ing is smaller than that of optional other portions, 30 
whereas, in the printer device of the twelfth subject-mat- 
ter of the invention, the width of the portion of the first 
pressurizing chamber communicating with the first noz- 
zle inlet opening is smaller than that of an optional other 
portion, it becomes possible to prevent air bubbles from ss 
becoming affixed to the wall surface of these pressuriz- 
ing chambers to improve the picture quality of the 
recorded picture and reliability. 

That is, the ink or the dilution solution charged into 
these pressurizing chambers is charged as it is moved 40 
preferentially in the vicinity of the wall surface of the 
pressurizing chamber by the capillary phenomenon. In 
the above printer devices, since the width of the portion 
of each pressurizing chamber formed with each nozzle 
inlet opening is smaller than the width of an optional 45 
other portion of each pressurizing chamber, the distal 
end of the ink or the dilution solution preferentially 
moved in the vicinity of the wall surface of each pressu- 
rizing chamber is contacted with each other at each 
nozzle inlet opening forming portion of each pressuriz- so 
ing chamber. The. air bubbles are enclosed in the ink or 
t he dilut ion solufontojaejeft in a mid portion of the noz - 



zle inlet opening forming portion of each pressurizing 
chamber. 

Brief Description of the Drawings 

Fig.1 is a schematic perspective view showing 
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essential portions of an illustrative structure of a serial 
type printer device embodying the present invention. 

Fig.2 is a block diagram showing an illustrative 
structure of a controller of the printer device. 

Fig.3 is an enlarged cross-sectional view showing 
essential portions of an illustrative structure of an Inkjet 
printer 4 head. 

Fig.4 is a cross-sectional view for illustrating an 
example of the method for producing an orifice plate. 

Fig.5 is an enlarged schematic cross-sectional view 
showing the operation of a typical Ink jet printer* head. 

Fig.6 is a schematic perspective view showing 
essential portions of another example of the structure of 
a serial type printer device embodying the present 
invention. 

Fig.7 is a block diagram showing the structure of a 
controller of a 'carrier jet printer'. 

Fig.8 is a block diagram showing the operation of a 
driver. 

Fig. 9 shews the printing timing of a driving voltage. 

Fig. 10 is an enlarged schematic cross-sectional 
view shewing an illustrative structure of a "carrier jet 
printer" head. 

Fig.11 is an enlarged schematic cross-sectional 
view showing an illustrative structure of a 'carrier jet 
printer* head. 

Fig. 12 is a cross-sectional view showing another 
example of the method for producing an orifice plate. 

Fig. 13 is an enlarged schematic cross-sectional 
view showing another illustrative structure of an 'ink jet 
printer' head. 

Fig. 14 is an enlarged schematic cross-sectional 
view showing another illustrative operation of an 'ink jet 
printer' head. 

Fig. 15 is a cross-sectional view showing an illustra- 
tive structure of an orifice plate. 

Fig. 16 is a cross-sectional view showing another 
example of the method for preparing an orifice plate. 

Fig. 17 is a cross-sectional view shewing still 
another example of the method for preparing an orifice 
plate. 

Fig. 18 is a cross-sectional view showing still 
another example of the method for preparing an orifice 
plate. 

Fig. 19 is a cross-sectional view showing the struc- 
ture of another example of an orifice plate. 

Fig.20 is an enlarged schematic cross-sectional 
view showing the structure of another example of a 'car- 
rier jet printer* printer head. 

Fig.2 1 is a cross-sectional view showing an illustra- 
tive structure of an orifice plate. 

Fig.22 jsjajcross-section^^ew showing, afurther 

example of the method for preparing an orifice plate. 

Fig.23 is a cross-sectional view showing a still fur- 
ther example of the method for preparing an orifice 
plate. 

Fig.24 is a cross-sectional view showing a still fur- 
ther example of the method for preparing an orifice 
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plate. 

Fig. 25 is a cross-sectional view showing the struc- 
ture of another exanple of an orifice plate. 

Rg.26 is a schematic perspective view showing 
essential portions of a fine type printer device. s 

Fig.27 is a schematic perspective view showing 
essential portions of a drum type printer device. 

Rg.28 is an enlarged schematic cross-sectional 
view shewing the structure of a further example of an 
Ink jet printer* head. io 

Fig.29 is a plan view showing the structure of a fur- 
ther example of an Ink jet printer* head. 

Fig. 30 is a cross-sectional view showing an exam- 
ple of a method for preparing an Inkjet printer* head. 

Fig.31 is an enlarged schematic cross-sectional is 
view showing the operation of a further example of the 
Ink jet printer* head. 

Fig.32 is an enlarged schematic cross-sectional 
view showing the structure of a further example of the 
'carrier jet printer' head. 20 

Fig.33 is a schematic plan view showing the struc- 
ture of a further example of the "carrier jet printer* head. 

Fig. 34 is a schematic cross-sectional view showing 
an example of the method for producing a 'carrier jet 
printer* head. 2s 

Fig.35 is an enlarged schematic cross-sectional 
view showing the operation of a still further example of 
a 'carrier jet printer' head. 

Fig.36 is an enlarged schematic cross-sectional 
view showing the structure of a further example of the 30 
Inkjet printer* head. 

Fig.37 is a cross-sectional view showing the struc- 
ture of a further example of an orifice plate. 

Fig.38 is an enlarged schematic cross-sectional 
view showing the structure of a further example of an 35 
Ink jet printer* head. 

Fig.39 is a schematic plan view showing the struc- 
ture of a further example of an 'ink jet printer* head. 

Fig.40 is an enlarged schematic cross-sectional 
view showing the operation of a further example of a fur- 40 
ther example of an Ink jet printer' head. 

Fig.41 is an enlarged schematic cross-sectional 
view showing the operation of a further example of a still 
further example of an Inkjet printer* head. 

Fig.42 is a cross-sectional view showing another 45 
example of the method for preparing an Ink jet printer* 
head. 

Fig.43 is a cross-sectional view showing still 
another example of the method for preparing an Ink jet 
printer* head. so 

Fig.44 is a cross-sectional view showing a further 
example of the method for preparing an Ink jet printer* 
head. 

Fig. 45 is an enlarged cross-sectional view of a 
pressurizing chamber forming portion. 55 

Fig. 46 is an enlarged cross-sectional view showing 
an example of the pressurizing chamber forming por- 
tion. 



Fig.47 is an enlarged schematic cross-sectional 
view showing the structure of a 'carrier jet printer* head. 

Fig.48 is a cross-sectional view showing the struc- 
ture of a further example of an orifice plate. 

Fig.49 is an enlarged schematic cross-sectional 
view showing the structure of a further example of a 
'carrier jet printer' head. 

Fig.50 is a schematic plan view showing the struc- 
ture optical disc of a further example of a 'carrier jet 
printer' head. 

Fig.51 is an enlarged cross-sectional view showing 
the structure optical disc of a further example of a 'car- 
rier jet printer' head. 

Fig.52 is an enlarged cross-sectional view showing 
the structure optical disc of a further example of a 'car- 
rier jet printer' head. 

Fig.53 is a cross-sectional view showing another 
example of the method for preparing a 'carrier jet printer* 
head. 

Fig.54 is a cross-sectional view showing still 
another example of the method for preparing a 'carrier 
jet printer' head. 

Fig.55 is a cross-sectional view showing yet 
another example of the method for preparing a 'earner 
jet printer' head. 

Fig. 56 is an enlarged cross-sectional view of a 
pressurizing chamber forming portion. 

Fig. 57 is an enlarged cross-sectional view showing 
an example of the pressurizing chamber forming por- 
tion. 

Fig.58 is an enlarged schematic cross-sectional 
view showing the structure of a 'carrier jet printer' head. 

Fig.59 is a schematic plan view showing a further 
example of the Ink jet printer* head. 

Fig.60 is an enlarged cross-sectional view showing 
the vicinity of a liquid supply duct. 

Fig.61 is a cross-sectional view showing a further 
example of the method for preparing an Ink jet printer* 
head. 

Fig.62 is an enlarged schematic cross-sectional 
view showing the operation of a further example of an 
Inkjet printer* head. 

Fig.63 is an enlarged schematic cross-sectional 
view showing the structure of a further example of a 
'carrier jet printer' head. 

Fig.64 is a schematic plan view showing the struc- 
ture of a further example of a 'carrier jet printer* head. 

Rg.65 is a cross-sectional view showing the vicinity 
of first and second liquid supply ducts. 

Fig.66 is a cross-sectional view showing a further 
example of the method for preparing a 'carrier jet printer' 
head. 

Rg.67 is an enlarged schematic cross-sectional 
view showing the operation of a still further example of 
a 'carrier jet printer* head. 

Fig.68 is a cross-sectional view of an orifice plate. 

Fig.69 is an enlarged schematic cross-sectional 
view showing the structure of a further example of an 
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Inkjet printer* head. 

Rq.70 is an enlarged schematic cross-sectional 
view showing the structure of a further example of an 
Inkjet printer* head. 

Fig.71 is an enlarged schematic cross-sectional 
view showing the operation of a further example of an 
Inkjet printer* head. 

Rg.72 is an enlarged schematic cross-sectional 
view showing the structure of a still further example of a 
'carrier jet printer* head. 

Fig. 73 is a schematic plan view showing the struc- 
ture of a still further example of a 'carrier jet printer* 
head. 

Fig. 74 is an enlarged schematic cross-sectional 
view showing the operation of a still further example of 
a 'carrier jet printer* head. 

Fig. 75 is an enlarged schematic cross-sectional 
view showing the structure of a still further example of 
an Inkjet printer' head. 

Fig. 76 is a schematic plan view showing the struc- 
ture of a still further example of an 'ink jet printer* head. 

Fig.77 is a cross-sectional view showing a still fur- 
ther example of the method for preparing an Ink jet 
printer* head. 

Fig. 78 is a schematic plan view showing the vicinity 
of a pressurizing chamber. 

Fig. 79 is an enlarged schematic cross-sectional 
view showing the operation of a still further example of 
the 'ink jet printer* head. 

Fig. 80 is an enlarged schematic cross-sectional 
view showing the structure of a still further example of a 
'carrier jet printer* head. 

Fig. 81 is a schematic plan view shewing the struc- 
ture of a still further example of a 'carrier jet printer* 
head. 

Fig.82 is a cross-sectional view showing a still fur- 
ther example of the method for preparing a 'carrier jet 
printer* head. 

Fig.83 is an enlarged schematic cross-sectional 
view showing the operation of a still further example of 
a 'carrier jet printer' head. 

Fig.84 is an enlarged schematic cross-sectional 
view showing the structure of a still further example of 
an Ink jet printer' head. 

Fig.85 is a cross-sectional view showing a still fur- 
ther example of an orifice plate. 

Fig. 86 is an enlarged schematic cross-sectional 
view showing the structure of a still further example of 
an Ink jet printer' head. 

Fig. 87 is a schematic plan view showing the struc- 
ture of a still further example of an 'ink jet printer' head. 
_ Fig .88 is an enlarged schematic cross-sectional 
view showing the operation of Tstill further example of 
an Ink jet printer* head. 

Fig.89 is a cross-sectional view showing a further 
example of a pressurizing chamber forming portion. 

Fig.90 is a schematic plan view showing the struc- 
ture of a still further example of an Ink jet printer* head. 



Fig.91 is a schematic plan view showing a liquid 
supply duct 

Fig.92 is an enlarged cross-sectional view showing 
the vicinity of the liquid supply duct 
s Fig. 93 is an enlarged schematic cross-sectional 
view showing the structure of a further example of a 
'carrier jet printer* head. 

Rg.94 is a cross-sectional view showing the struc- 
ture of a still further example optical disc an orifice plate. 
to Fig.95 is an enlarged schematic cross-sectional 
view showing the structure of a further example of an 
Ink jet printer* head. 

Fig.96 is a schematic plan view showing the struc- 
ture of a further example of an Ink jet printer* head. 
is Fig.97 is an enlarged schematic cross-sectional 
view showing the operation of a further example of a 
'carrier jet printer' head. 

Fig.98 is a cross-sectional view showing a further 
example of a pressurizing chamber forming portion. 
20 Fig.99 is a schematic plan view showing the struc- 
ture of a further example of an Ink jet printer* head. 

Fig. 100 is an enlarged cross-sectional view show- 
ing the vicinity of first and second liquid supply ducts. 

Fig.101 is an enlarged cross-sectional view show- 
25 ing the structure of a still further example of an 'ink jet 
printer* head. 

Fig. 102 is a schematic plan view shewing the struc- 
ture of a still further example of an 'ink jet printer' head. 

Fig. 103 is an enlarged cross-sectional view show- 
30 ing the operation of a still further example of an Ink jet 
printer' head. 

Fig. 104 is a schematic plan view showing a pressu- 
rizing chamber of a still further example of an Ink jet 
printer' head. 

35 Fig. 105 is a cross-sectional view showing a still fur- 
ther example of the method for producing an 'ink jet 
printer' head. 

Fig. 106 is a cross-sectional view showing a still fur- 
ther example of the method for producing an 'ink jet 
40 printer' head. 

Fig. 107 is a cross-sectional view showing an exam- 
ple of a vforation plate. 

Fig. 108 is an enlarged cross-sectional view show- 
ing the structure of a still further example of a 'carrier jet 
45 printer* head. 

Fig. 109 is a schematic plan view showing the struc- 
ture of a still further example of a 'carrier jet printer' 
head. 

Fig. 110 is an enlarged cross-sectional view shew- 
so ing the operation of a still further example of a 'carrier jet 
printer' head. 

Fig.1 1 1 is a cross-sectional view showing a still fur- 
theT example of the method for preparing a 'carrier jet 
printer' head. 

55 Ftg.1 1 2 is a cross-sectional view showing a still fur- 
ther example of the method tor preparing a 'carrier jet 
printer' head. 

Fig.113 is a cross-sectional view showing another 
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example of a vforation plate. 

Fig. 1 1 4 is a cross-sectional view showing the struc- 
ture of a still further example of an orifice plate. 

Ftg.115 is an enlarged schematic cross-sectional 
view showing the structure of a still further example of s 
an 'Inkjet printer* head. 

Fig.116 is an enlarged schematic cross-sectional 
view showing the operation of a still further example of 
a Ink jet printer* head. 

Ftg.117 is an enlarged schematic cross-sectional io 
view showing the structure of a still further example of a 
'carrier jet printer' head. 

Fig.118 is an enlarged schematic cross-sectional 
view showing the operation of a still further example of 
a 'carrier jet printer' head. is 

Fig. 11 9 is a cross-sectional view showing a printer 
head of a conventional printer device. 

Fig. 120 is a schematic plan view showing a printer 
head of a conventional printer device. 

Fig. 121 is a schematic plan view showing the state 20 
of presence of air bubbles on the wall surface of a pres- 
surizing chamber of a printer head of a conventional 
printer device. 

Fig. 122 is a schematic plan view showing the state 
of presence of air bubbles on the wall surface of a noz- 2s 
zfe inlet port of a printer head of a conventional printer 
device. 

Fig. 123 is a cross-sectional view showing the 
rounded bottom formed by etching. 

Fig. 124 is a schematic plan view showing the con- 30 
nection portion between a pressurizing chamber and a 
liquid supply duct. 

Best Mode for Carrying Out the Invention 

35 

Referring to the drawings, preferred embodiments 
of the present invention will be explained in detail. 

1 . Embodiments Corresponding to the First Subject- 
Matter and the Second S ubject-Matter of the Invention 40 

(1) First Embodiment 

The present embodiment is directed to application 
of the invention to an 'ink jet printer' device emitting only 45 
the ink, that is to an example for the first subject-matter 
of the invention. 

(1-1) Structure of Inkjet printer* Device 

so 

First, the overall structure of the Ink jet printer* 
device is explained. A serial type Ink jet printer* device 
10 according to the present invention is constructed as 
shown in Fig. 1 . That is, a paper pressuring controller 1 2 
is provided for extending parallel to a drum 1 1 along the ss 
axis of the drum 1 1 for pressuring and immobilizing a 
printing sheet 13 as an article for printing against the 
drum 11. 



The outer periphery of the drum 11 is formed a feed 
screw 14 parallel to the axial direction of the drum 1 1 . 
With this feed screw 14 is threadedly a printer head 15 
(Ink jet printer* head). This printer head 15 is adapted 
for being moved along the axis of the drum 1 1 . 

The drum 11 also is run in rotation by a motor 19 via 
a pulley 16. a belt 17 and a pulley 18. 

The printer device 10 is controlled by a controller 20 
shown in Fig.2. 

The controller 20 is constituted by a signal process- 
ing control circuit 21 , a driver 22. a memory 23. a driving 
controller 24 and a correction circuit 25. The signal 
processing control circuit 21 is of a CPU or DSP (digital 
signal processor) configuration and. on reception of 
printing data, operator signal and external control sig- 
nal, as an input signal S1 , sorts the printing data n the 
printing sequence and sends out the printing data along 
with emission signals via driver 22 for drive-controlling 
the printer head 15. 

In this case, the printing sequence differs with the 
configuration of the printer head 15 or the printing unit 
and occasionally with the input sequence of the printing 
data. Therefore, if necessary, the printing data is tran- 
siently stored in a memory 23 such as a buffer memory " 
or a frame memory so as to be then read out from the A 
memory 23. 

The signal processing control circuit 21 is config- 
ured for processing the input signal Si by software, and - 
sends the processed signal as control signal to the driv- 
ing controller 24. 

On reception of a control signal sent from the signal - ' 
processing control circuit 21. the driving controller 24 * 
controls driving or synchronization of the motor 19 or a r 
motor rotationally driving the feed screw 14, while con- 
trolling cleaning of the printer head 15 or supply and tis- 
charge of printing sheets 13. 

If the printer device 10 is of a multi-head structure, 
the signal processing control circuit 21 causes the cor- 
rection circuit 25 to make y-correction, color correction 
in case of color printing and correction of fluctuations of 
the printer heads 15. In this correction circuit 25 is 
stored pre-set correction data in the form of read-only 
memory (ROM) map, such that the signal processing 
control circuit 21 reads out these data responsive to 
external concfitions, such as nozzle number, tempera- 
ture or input signals. 

If the printer device 10 is of a multi-head structure 
having an extremely large number of nozzles, an inte- 
grated circuit (IC) is loaded on the printer head 15 for 
reducing the number of lines connected to the printer 
head 15. 

If, in the above structure, the printer head 15 of the 
printer device 10 is moved along the axis of the drum 1 1 
for printing one row of letters on the printing sheet 13, 
the motor 19 is run in rotation under control by the driv- 
ing controller 24 for rotating the drum 11 one row in a 
pre-set direction for carrying out next printing. The print- 
ing direction, that information signals the direction in 
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which the Ink jet printer' head 15 is moved along the 
axis of the drum 1 1 for printing on the printing sheet 13, 
may be one and the same cfirection or the reciprocating 
directions. 

(1-2) Structure of ink jet printer* Head 

Fig.3 shows the structure of a printer head 15 ('ink 
jet printer* head). 

Referring to Rg.3, the printer head 1 5 has an orifice 
plate 31 which is provided with a pressurizing chamber 
forming portion 32 having a pre-set thickness. On the 
pressurizing chamber forming portion 32 is bonded a 
vibration plate 34 via an adhesive 33. On the vibration 
plate 34 is bonded and unified a layered piezo 35 via a 
boss 34 A. 

The orifice plate 31 is made up of a fam 31 A of an 
organic material on one surface of which is bonded a 
stainless steel plate with a thickness of substantially 50 
inn by thermal pressuring. The film 31 A is of Neoflex 
(commercial name of a film manufactured by MITSUI 
TOATSU KAGAKU KOGYO KK) exhibiting superior 
thermal resistance and resistance against chemicals 
and having a thickness of approximately 50 urn. The film 
31 A of the organic material is of the above-mentioned 
Neoflex having the glass transition point of not higher 
than 250°C. 

An emission nozzle 31 C of, for example, a circular 
shape with a pre-set diameter, for emitting the ink, is 
formed at a pre-set position of the film 31 A of the 
organic material. Since the emission nozzle 31 C is 
formed in the film 31 A of the organic material, it 
becomes possible to maintain chemical stability with 
respect to the ink. 

Although plural emission nozzles 31 C are formed in 
the printer head 15 ('ink jet printer* head), the sole emis- 
sion nozzle 31 C is explained for simplicity. 

An ink inlet port 31 D communicating with the emis- 
sion nozzle 31 C is formed in the metal plate 31 B in reg- 
ister with the emission nozzle 31C. The ink inlet port 
31 D is of a diameter larger by 30 to 150 jim than the 
emission nozzle 31 C. 

Since the film 31 A of the organic material is set to a 
thickness of approximately 50 pm thus enabling an ink 
drop emitted by the emission nozzle 31 C to be stabi- 
lized in directivity. Also, since the metal plate 31 B has a 
strength, that is the longitudinal modulus of elasticity, 
higher by not less than one digit of magnitude than the 
film 31 A of the organic material, the above orifice plate 
may have a strength higher by not less than one digit of 
magnitude than the orifice plate made up only of the film 
of organic material 31 A for the same order of thickness 
of the~orif ice plate: 

That is. if the metal plate 31 B is formed of stainless 
steel and is approximately 50 pm in thickness, the longi- 
tudinal modulus of elasticity of the metal plate 31 B is 
approximately 50 times as large as that of the film 31 A 
of the organic material of the same thickness, so that 



the above orifice plate can rival in strength the orifice 
plate approximately 2.5 mm in thickness formed by a 
film of an organic material. 

Thus, the printer head is can be reduced in size in 

5 an amount corresponding to reduction in thickness as 
compared to that achieved with the printer head 15 the 
orifice plate of which is constituted solely by a film of 
organic material so as to have comparable strength as 
the orifice plate 31. 

io Since the orifice plate 31 is of a layered structure of 
the film 31 A of the organic material and the metal plate 
31 B, the manufacturing process for the printer head 15 
(Ink jet printer* head) can be simplified as compared to 
the process of first mounting the metal plate 31 B on the 

is pressurizing chamber forming portion 32 and then 
bonding the film 3 1 A of the organic material to the metal 
plate 31 B. 

In the pressurizing chamber forming portion 32. 
there are formed a pressurizing chamber 32A, a liquid 

20 supply duct 32b and an ink buffer tank 32C. The pressu- 
rizing chamber 32A and the liquid supply duct 32B are 
formed in the pressurizing chamber forming portion 32 
for facing a surface 31 Bl of the metal plate 31 B and are 
covered by the surface 31 B1 of the metal plate 31 B. The 

25 pressurizing chamber 32A is formed in the pressurizing 
chamber forming portion 32 for facing the vibration plate 
34 and is covered by the vibration plate 34. 

Specifically, the printer head 15 (Ink jet printer' 
head) 1 5 of the instant embodiment is made up of the 

30 pressurizing chamber forming portion 32. having the 
pressurizing chamber 32A and the liquid supply duct 
32B for supplying the liquid to the pressurizing chamber 
32A, the vibration plate 34 arranged covering the pres- 
surizing chamber 32A, layered piezo 35. as a piezoelec- 

35 trie device arranged in association with the pressurizing 
chamber 32A via the vibration plate 34. metal plate 31 B 
as hard member formed with the nozzle inlet duct 31 D 
communicating with the pressurizing chamber 32A. and 
the film 31 A of organic material, as a resin member. 

40 formed with the emission nozzle 31 C communicating 
with the nozzle inlet duct 31 D. 

Also, with the printer head 1 5 ('ink jet printer' head) 
of the instant embodiment, the hard member is formed f 
metal, occasionally stainless steel. 

45 Also, with the printer head 15 (Ink jet printer* head) 
of the instant embodiment, the metal plate 31 B as a 
hard member is layered with the film 31 A of the organic 
material as the resin member. 

In addition, with the printer head 15 ('ink jet printer* 

so head) of the instant embodiment, the nozzle inlet port 
31 D of the metal plate 31 B as the hard member is larger 
in diameter than the emission nozzle 3 1C of the film 
31 A~6f theorganic rnaterialas therearnherrtoer. 

Moreover, with the printer head 15 (Ink jet printer* 

55 head) of the instant embodiment, the hard member has 
a thickness f not less than 50 jim, while the resin mem- 
ber is formed of resin having a glass transition point of 
not higher than 250°C. 
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The liquid supply duct 32B communicates with the 
pressurizing chamber 32A and with the ink buffer tank 
32C and is shallower in depth or narrower in width than 
the pressurizing chamber 32A or the ink buffer tank 32C 
towards the metal plate 31 B of the pressurizing cham- 5 
ber forming portion 32. Since the pressure, if applied to 
the pressurizing chamber 32A, can be concentrated 
towards the pressurizing chamber 32 A, the pressure 
applied to the pressurizing chamber 32A can be 
decreased. 10 

The pressurizing chamber 32A is designed to com- 
municate with the nozzle inlet port 31 D formed in the 
metal plate 31 B, so that the ink charged into the pressu- 
rizing chamber 32A can be supplied via nozzle inlet port 
3 1 D to the emission nozzle 3 1 C. is 

Thus, with the printer head 1 5 (Ink jet printer* head) 
of . the instant embodiment, since the pressurizing 
chamber 32A is in contact with the metal plate 31 B as 
the hard member, the pressure within the pressurizing 
chamber 32A can be increased effectively and stably, if 20 
such pressure is applied. Since the emission nozzle 
31 C is formed in the film 31 A of the organic material as 
the resin member, the emission nozzle 31 C is formed to 
high precision so as to fully meet desired amenability to 
laser processing, thus improving productivity and relia- 2s 
bilrty. 

The vforation plate 34 is bonded to a surface of the 
pressurizing chamber forming portion 32 by an adhe- 
sive 33 for covering the pressurizing chamber 32A and 
the ink buffer tank 32C formed in the pressurizing cham- 30 
ber forming portion 32. This vibration plate 34 is pro- 
vided with an ink supply duct 36 for supplying the ink 
supplied from an ink tank, not shown, to the ink buffer 
tank 32C. The vibration plate 34 is formed with the boss 
34A in register with the pressurizing chamber 32A The 35 
size of the boss 34A is selected to be smaller than the 
surface 35A of the layered piezo 35 bonded to the boss 
34A 

The layered piezo 35 has one or more piezoelectric 
members 35B and one or more electrically conductive 40 
members 35C alternately layered in a direction parallel 
to the surface 34B of the vibration plate 34, and is 
bonded by an adhesive, not shown, to the adhesive sur- 
face of the boss 34A The number of times of layering of 
the piezoelectric members 35B and the electrically con- 45 
ductive members 35C is arbitrary. 

The layered piezo 35 has its one end secured to a 
stationary base 37 which is connected to the metal plate 
31 B of the orifice plate 31 . 

If the driving potential is applied across the layered so 
piezo 35, it is linearly displaced in a direction opposite to 
the direction indicated by arrow a and is raised about 
the portion thereof bonded to the boss 34A of the vibra- 
tion plate 34 for increasing the volume in the pressuriz- 
ing chamber 32A. ss 

ff the driving voltage is released from the layered 
piezo 35, it is lineally displaced in a direction indicated 
by arrow a for thrusting the boss 34A for warping the 



vibration plate 34, thus decreasing the volume of the 
pressurizing chamber 32A for increasing the pressure in 
the pressurizing chamber 32A Since the size of the 
boss 34A is selected to be smaller than that of the sur- 
face 35A of the layered piezo 35, displacement of the 
layered piezo 35 can be transmitted in a concentrated 
manner to a position of the vforation plate 34 registering 
with the pressurizing chamber 32A 

(1-3) Method for Producing Orifice Plate 

The method for fabricating the orifice plate 31 is 
explained by referring to Fig.4. 

First, the film 31 A of the organic material is bonded 
by thermal pressure bonding to an opposite side sur- 
face 31 B2 of the metal plate 31 B. Alternatively, the film 
31 A of the organic material may also be bonded directly 
to the opposite side surface 31 B2 of the metal plate 
31B. In the instant embodiment since the film 31A of 
the organic material having a glass transition point of 
not higher than 250°C is used, such that the tempera- 
ture and pressure for press working during the thermal . 
pressuring process can be lowered, there is no risk of 
warping of the orifice plate 31 . 

Then, as shown in Rg.4B, a resist is applied to the 
surface 31 B1 of the metal plate 31 B. A resist 38 is then 
formed by pattern light exposure using a mask having a 
pattern in register with the nozzle inlet port 31 D. Then, 
as shown in Fig.4C, the metal plate 31 B is etched, using 
the resist 38 having a pattern registering with the nozzle 
inlet port 31 D, for forming a through-hole 31 D1 register- 
ing with the nozzle inlet port 31 D so that the through- 
hole 31 D1 is larger in diameter by about 30 to 150 jim 
than the emission nozzle 31 C. Since the film 31 A of the 
organic material is chemically stable, the metal plate 
31 B can be etched easily. 

Then, as shown in Fig.4D, the resist 38 is removed, 
and an excimer laser is illuminated in a perpendicular 
direction to a surface 31 E of the film 31 A from a side 
31 B1 of the orifice plate 31 for forming a through-hole 
31C1 registering with the emission nozzle 31C. In this 
case, the through-hole 31 C1 is formed in register with 
the emission nozzle 31 C for communicating with the 
through-hole 31 D1. 

Since the through-hole 31 D1 is larger in diameter 
than the through-hole 31C1, registration tolerance 
between the film 31 A of the organic material and the 
metal plate 31 B during laser working and the etching 
tolerance during formation of the through-hole 31 D1 
can be released. Also, since the size of the nozzle inlet 
hole 31 D is such that it can hardly influence pressure 
increase in the pressurizing chamber 32 A on pressure 
application to the pressurizing chamber 32 A, the orifice 
plate 31 can be fabricated in stability. 

Since the through-hole 31 C1 for the emission noz- 
zle 31 C is formed in the film 31 A of the organic material, 
the emission nozzle 31 C is formed to high precision so 
as to fully meet required amenability to laser process- 
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ing, such that the hole that can be worked per pulse can 
be increased in depth as compared to the case in which 
the through-hole 31 CI is formed in the orifice plate 
formed of Ine metal material. 

The result is that the through-hole 31C1 can be s 
formed at low cost and with high efficiency thus improv- 
ing the productivity. 

(1 -4) Operation and Effect of First Embodiment 

10 

In the above structure of the printer head (Ink jet 
printer* head) 15, if a pre-set driving voltage is 
impressed across the layered piezo 35. the layered 
piezo 35 is displaced from the initial state shown in 
Rg.SA in a direction opposite to the direction indicated is 
by arrow a in Figs.3 and 5. Since this raises the portion 
of the vibration plate 34 registering with the pressurizing 
chamber 32A, in a direction incficated by arrow a, the 
pressure in the pressurizing chamber 32A is increased. 
At this time, the meniscus at the distal end of the emis- 20 
sion nozzle 31 C is transiently receded. However, once 
the displacement of the layered piezo 35 subsides, the 
meniscus position is stabilized at the distal end of the 
emission nozzle 31 C by the equilibrium with surface 
tension, with the emission nozzle being in a stand-by 2s 
state ready for emitting the ink. 

During ink emission, the driving voltage impressed 
across the layered piezo 35 is released, as a result of 
which the layered piezo 35 is displaced in a direction 
indicated by arrow a in Fig.35B, as a result of which the 3c 
vibration plate 34 is displaced in the direction of arrow a 
in Fig.34. This diminishes the pressure in the pressuriz- 
ing chamber 32A to increase the pressure therein so as 
to emit the ink via the emission nozzle 31C. ft is noted 
that time changes of the driving voltage applied to the 35 
layered piezo 35 are set for emitting the ink via the emis- 
sion nozzle 31 C. 

In the printer head of the printer device of the 
instant embodiment, the orifice plate 31 is formed by the 
film 31 A of the organic material and the metal plate 31 B. 40 
The metal plate 31 B as the hard member is interposed 
between the pressurizing chamber forming portion 32 
and the f 3m 31 A of the organic material as a resin mem- 
ber, while the metal plate 31 B is contacted with the 
pressurizing chamber 32A, so that, if the pressure is 45 
applied to the pressurizing chamber 31 A, the amount of 
deformation of the orifice plate 31 can be made smaller 
than if the orifice plate 31 is constituted solely by the film 
of the organic material. Thus, the pressure within the 
pressurizing chamber 32A can be increased effectively so 
and stably, thereby emitting the ink efficiently and stably 

throu gh the em ission nozzle 3 1 C for impro ving reliability 

of the printer device. 

In addition, the amount of deformation of the orifice 
plate 31 can be made smaller than rf the orifice plate 31 ss 
is constituted solely by the film of the organic material, 
so that, if the driving voltage applied across the layered 
piezo 35 is decreased, the pressure in the pressurizing 



chamber 32A can be rased effectively and stably, thus 
reducing the power consumption. 

In the above-described printer head of the printer 
device, the orifice plate 32 is constituted by the metal 
plate 31 B of stainless steel, approximately 50 jim in 
thickness, as a hard member formed with the ink inlet 
port 32D communicating with the pressurizing chamber 
32A. and by the film 31A of the organic material, 
approximately 50 urn in thickness, with the glass transi- 
tion temperature of not higher than 250°C, as a resin 
member formed with the emission nozzle 31 C commu- 
nication with the ink inlet port 32D, and the orifice plate 
31 is provided in the pressurizing chamber forming por- 
tion 32, so that the surface 31 B1 of the metal plate 31 B 
covers the pressurizing chamber 32, and hence the ink 
can be emitted effectively and in stability from the emis- 
sion nozzle 31C, thus realizing the Inkjet printer* device 
having improved operational reliability. 

Also, in the above-described structure, in which the 
film 31 A of the organic material is used as a member 
constituting the emission nozzle 31 C, the hole that can 
be machined per pulse can be made deeper than if the 
nozzle 31 is formed in the orifice plate formed of the 
metal material, while the emission nozzle 31 C can be 
formed at lower cost and with higher efficiency, thus 
realizing the Ink jet printer* device 10 having improved 
productivity. 

(2) Second Embodiment 

In the instant embodiment, the present invention is 
applied to a 'carrier jet printer' device n which a pre-set 
amount of the ink is mixed with the dilution liquid and 
emitted as a mixture, by way of the second subject-mat- 
ter of the invention. 

(2-1) 

First, the structure of the entire 'carrier jet printer* 
device in its entirety is explained. A serial type 'carrier 
jet printer' device 40 embodying the present invention is 
constituted as shown in Fig.6. Specifically, the paper 
sheet pressuring controller 42 is provided in a direction 
extending along the axis of the drum 41 for pressuring 
the printing sheet 43 as the printing article against the 
drum 41. 

On the outer periphery of the drum 41 is mounted a 
feed screw 44 parallel to the axial direction of the drum 
41. With this feed screw 44 is engaged the printer head 
45 ('carrier jet printer' head). This printer head 45 is 
adapted for being moved along the axis of the drum 41 
by rota tion of th e fee d screw 44. 

the dpjm 41 is run in rotation by a pulley 46, a belt 
47 and a pulley 48 by a motor 49. 

The 'carrier jet printer* device 40 is controlled by a 
controller 50 shown in Fig.7 using the same reference 
figures as those used in Fig.2. 

In the case of the 'carrier jet printer' device 40, the 
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controller 50 has a first driver 51 for emitting the dilution 
solution and a second driver 52 for emitting the ink. In 
effect, a number of the first driver 51 and a number of 
the second drivers 52 corresponding to the number of 
the emission nozzles and that of the quantitation noz- 5 
zles are provided, respectively. As win be explained sub- 
s quently, the first drivers 51 is used for driving- 
controlling the first piezoelectric device (on the emission 
side) provided for emitting the dilution solution via the 
emission nozzle, while the second drivers 52 are used 10 
for driving-controlling the second piezoelectric device 
(on the emission side) provided for emitting the ink via 
the quantitation nozzle. 

These first drivers 51 and the second drivers 52 
driving-control the first and second piezoelectric is 
devices, respectively, under control by a serial-parallel 
converter circuit 53 and a timing control circuit 54 pro- 
vided within the signal processing control circuit 21, as 
shown in Fig.8. 

That is, the serial-parallel converter circuit 53 sends 20 
digital half-tone data D1 to the first drivers 51 and to the 
second drivers 52, as shown in Fig.8. 

On reception of the printing trigger signals from the 
signal processing control circuit 21, the timing control 
circuit 54 sends out timing signals at a pre-set timing to 2s 
the first driver 51 and to the second driver 52, respec- 
tively This printing trigger signal T1 is sent out at a print- 
ing timing to the timing control circuit 54. 

At the timing in meeting with the timing signals from 
the timing control circuit 54, the first and second drivers 30 
51, 52 send driving signals (driving voltages) corre- 
sponding to the data from the serialyfcarallel converter 
circuit 53, respectively. The timing control circuit 54 
sends out the timing signal to the first and second driv- 
ers 51, 52 so that the timing of the driving voltage 35 
impressed across the emission nozzles and the quanti- 
tation nozzles associated in a one-for-one correspond- 
ence with the first and second piezoelectric devices, 
respectively, will be such timing as shown in Fig.9. 

In the instant embodiment, the emission period is 1 40 
msec, with the frequency bong 1 kHz. It is during this 
time that mixing of the pre-set amounts of the ink and 
the liquid drops occurs. If the digital half-tone supplied 
from the serial/Joarallel converter circuit 53 is not higher 
than the pre-set threshold, there occurs no ink quantita- 45 
tion or emission. 

(2-2) Structure of 'carrier jet printer* printer head 

The structure of the printer head 45 ('carrier jet so 
printer* head) is shown in Figs. 10 and 1 1 . 

Referring to Figs.10 and 11, the printer head 45 
('earner jet printer' head) is comprised of a plate-shaped 
orifice plate 61 and a plate-shaped pressurizing cham- 
ber forming portion 62 having a pre-set thickness. A ss 
vibration plate 64 is bonded with an adhesive 63 to the 
pressurizing chamber forming portion 62. To this vibra- 
tion plate 64 are bonded a layered piezo 65 (corre- 



sponding to the second piezoelectric device described 
above) and a layered piezo 66 (corresponding to the 
first piezoelectric device described above), respectively, 
via bosses 64 A, 64B, respectively. 

The orifice plate 61 is made up of a film 61 A of an 
organic material superior in thermal resistance and 
resistance against chemicals (manufactured under the 
trade name of Neoflex by MITSUI TOATSU KAGAKU 
KOGYD KK) having a thickness of approximately 70 \xm 
and a metal plate 61 B of stainless steel, having a thick- 
ness of approximately 50 »m, bonded to a surface of the 
f Bm 61 A. This film 61 A of the organic material is formed 
of Neoflex having the glass transition temperature of not 
higher than 250°C. 

At a pre-set position of the fflm 61 A of the organic 
material is formed a quantitation nozzle 61 C of a pre-set 
diameter for emitting the ink. This quantitation nozzle 
61 C is of, for example, a circular cross-section. Since 
the film 61 A of the organic material is provided with the 
quantitation nozzle 61 C. chemical stability may be 
assured of the ink. 

The film 61 A of the organic material is provided with 
an emission nozzle 61 D of a pre-set diameter at a pre- 
set distance from the quantitation nozzle 61 C. The 
quantitation nozzle 61 C is formed obliquely with respect 
to the direction of thickness of the film 61A of the 
organic material so that the quantrtated ink from the 
quantitation nozzle 61 C will be emitted towards the 
emission nozzle 61 D. 

In effect there are a plurality of quantitation nozzles 
61 C and 61 D formed on the printer head 45 ( carrier jet 
printer* head). However, for convenience in explanation, 
it is assumed that there are provided only one pair of the 
quantitation nozzles 61 C and one pair of emission noz- 
zles 610. 

In the metal plate 61 B, a first nozzle inlet opening 
61 F is formed for communication with the emission noz- 
zle 61 D in register with the emission nozzle 610. The 
diameter of the first nozzle inlet opening 61 F is set so as 
to be larger by approximately 30 to 150 11m than that of 
the quantitation nozzle 61 C. The first nozzle inlet port 
61 F and the second nozzle inlet port 61 E are formed so 
as to be adjacent to each other with the interposition of 
a sidewall section 61G. 

Since the film 61 A of the organic material is set to a 
thickness of approximately 70 11m, the liquid drops emit- 
ted from the quantitation nozzle 61 C and the emission 
nozzle 61 D can be stabilized in directivity. If, in this 
case, the thickness of the film 61 A of the organic mate- 
rial is set to a thickness of not less than approximately 
50 iim, the liquid drops emitted from the quantitation 
nozzle 61 C and the emission nozzle 61 D can be stabi- 
lized in directivity. 

Since the strength, that is the longitudinal modulus 
of elasticity, of the metal plate 61 B, is selected to be 
higher by not less than one order of magnitude higher 
than that of the film 61 A of the organic material, the ori- 
fice plate can be of a strength not less than one digit of 



17 



33 



EP0829 355A1 



34 



magnitude higher than the orifice plate formed only by 
the fflm 61 A of the organic material for approximately 
the same thickness of the orifice plate. 

That is, H a stainless steel plate approximately 50 
lim is used as the metal plate 61 B, the longitudinal mod- s 
ulus of elasticity of the metal plate 61 B is approximately 
50 times that of the fim 61 A of the organic material. 
Thus, the strength of the orifice plate can rival that of the 
orifice plate formed by the film 61 A of the organic mate- 
rial approximately 2.5 mm in thickness. io 

Consequently, the printer head 45 can be reduced 
in size in an amount corresponding to reduction in thick- 
ness of the printer head having its orifice plate 61 
formed only by the film of the organic material so as to 
have the same strength as that of the orifice plate 61. is 

In addition, since the orifice plate 61 is made up of 
the film 61A of the organic material and the metal plate 
61 B, layered together, the manufacturing process for 
the printer head 45 ('carrier jet printer* head) can be 
simplified as compared to the case in which the metal 20 
plate 61 B is mounted on the pressurizing chamber 
forming portion 62 and subsequently the fflm 61 A of the 
organic material is bonded to the metal plate 61 B. 

The pressurizing chamber forming portion 62 has 
not only a first pressurizing chamber 62D, a first liquid 2s 
supply duct 62E and a dilution liquid buffer tank 62F, but 
also has a second pressurizing chamber 62A. a second 
liquid supply duct 62B and an ink buffer tank 62C. The 
first pressurizing chamber 62D, first liquid supply duct 
62 E, second pressurizing chamber 62A and the second 30 
liquid supply duct 62B are formed in the pressurizing 
chamber forming portion 62 for being exposed to a sur- 
face 61 B1 of the metal plate 61 B and is covered by the 
surface 61 B1 of the metal plate 61 B. The second pres- 
surizing chamber 62A and the first pressurizing cham- 35 
ber 62D are formed in the pressurizing chamber forming 
portion 62 so as to be neighboring to each other with a 
sidewall section 62G in-between. The second pressu- 
rizing chamber 62A and the first pressurizing chamber 
62D are formed in the pressurizing chamber forming 40 
portion 62 for being exposed to the vibration plate 64 
and is covered by the vibration plate 64. 

That is, the printer head 45 ('carrier jet printer' 
head) of the instant embodiment is made up of the pres- 
surizing chamber forming portion 62. vibration plate 63, 4s 
layered piezo units 66, 65, metal plate 61 B and the film 
of the organic material 61 A. The pressurizing chamber 
forming portion 62 includes the first pressurizing cham- 
ber 62D into which the emitted medium is introduced, 
the first liquid supply duct 62E for supplying the emitted so 
medium into the first pressurizing chamber 62 D. second 

pressurizin g c hamber 6 2A into which t he quantitated 

medium is introduced and the second liquid supply duct 
62B for supplying the quantitated medium to the second 
pressurizing chamber 62 A. The vtoration plate 623 is ss 
arranged for covering the first pressurizing chamber 
62D and the second pressurizing chamber 62A. The 
layered piezo units 66. 65 are piezoelectric devices 



arranged in association with the first pressurizing cham- 
ber 62D and the second pressurizing chamber 62A. 
The metal plate 61 B is a hard member formed with a 
first nozzle inlet port 61 F communicating with the first 
pressurising chamber 62D and with a second nozzle 
inlet port 61 E communicating with the second pressu- 
rizing chamber 62A. The film of the organic material 
61 A is a resin member having an emission nozzle 61 D 
communicating with the first nozzle port 61 D and a 
quantitation nozzle 61 C communicating with the second 
nozzle port 61 E. 

In the printer head 45 Ccarrier jet printer' head) of 
the instant embodiment, the hard member is formed of 
metal, herein stainless steel. 

Moreover, in the printer head 45 Ccarrier jet printer* 
head) of the instant embodiment the metal plate 61 B as 
the hard member and the film of the organic material 
61 A as the resin member are layered together. 

In addition, in the printer head 45 Ccarrier jet printer' 
head) of the instant embodiment the first nozzle inlet 
duct 61 F in the metal plate 61 B as the hard member has 
a diameter larger than the emission nozzle 610 of the 
film of the organic material 61 A while the second nozzle 
inlet duct 61 E in the metal plate 61 B as the hard mem- 
ber has a diameter larger than the quantitation nozzle 
61 C of the film of the organic material 61 A. 

Also, in the printer head 45 ('carrier jet printer' 
head) of the instant embodiment, the hard member has 
a thickness not less than 50 j±m and is formed of resin 
having the glass transition temperature of not higher 
than 250°C. 

The first liquid supply duct 62E communicates with 
the first pressurizing chamber 62 D and with the dilution 
liquid buffer tank 62F and is shallower in depth or nar- 
rower in width towards the metal plate 61 B of the pres- 
surizing chamber forming portion 62 than the first 
pressurizing chamber 62D and the dilution liquid buffer 
tank 62F. Thus, if pressure is applied to the first pressu- 
rizing chamber 62 D, the pressure can be concentrated 
to the first pressurizing chamber 62D thus decreasing 
the pressure applied to the first pressurizing chamber 
62D. 

The first pressurizing chamber 62D can be formed 
for communicating with the first nozzle inlet port 61 F 
formed in the metal plate 61 B so that the dilution liquid 
charged to the first pressurizing chamber 62D can be 
supplied to the emission nozzle 61 D via first nozzle inlet 
port 61 R 

Thus, with the printer head 45 ('carrier jet printer* 
head) of the instant embodiment, since the first pressu- 
rizing chamber 62D is contacted with the metal plate 
61B as the hard member the pressure within the first 
pressurizing chamber 62 can be increased effectively 
and stably when the pressure is applied to the first pres- 
surizing chamber 62D. Also, since the emission nozzle 
61 0 is formed in the film of the organic material 61 A as 
the resin member, the emission nozzle 61 D is formed 
highly precisely for fully satisfying amenability to laser 
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working thus improving productivity and reliability. 

The second liquid supply duct 62B communicates 
with the second pressurizing chamber 62A and with the 
ink buffer tank 62C and is shallower in depth or nar- 
rower in width towards the metal plate 61 B of the pres- s 
surizing chamber forming portion 62 than the second 
pressurizing chamber 62A and the ink buffer tank 62C. 
Thus, if pressure is applied to the second pressurizing 
chamber 62A, the pressure can be concentrated to the 
second pressurizing chamber 62A thus decreasing the 10 
pressure applied to the second pressurizing chamber 
62 A. 

The second pressurizing chamber 62A can be 
formed for communicating with the second nozzle inlet 
port 61 E formed in the metal plate 61 B so that the ink is 
charged to the second pressurizing chamber 62A can 
be supplied to the quantitation nozzle 61 C via second 
nozzle inlet port 61 E. 

Thus, with the printer head 45 ('carrier jet printer* 
head) of the instant embocfiment since the second 20 
pressurizing chamber 62A is contacted with the metal 
plate 61 B, the pressure within the second pressurizing 
chamber 62A can be increased effectively and stably 
when the pressure is applied to the second pressurizing 
chamber 62A. Also, since the emission nozzle 61 C is 25 
formed in the film of the organic material 61 A as the 
resin member, the quantitation nozzle 61 C is formed 
highly precisely for fully satisfying the requirements for 
amenability to laser working thus improving productivity 
and reliability. 30 

The vibration plate 64 is bonded to a surface of the 
pressurizing chamber forming portion 62 by an adhe- 
sive 63 for covering the second pressurizing chamber 
62A and the ink buffer tank 62C formed in the pressuriz- 
ing chamber forming unit 62 and the first pressurizing 35 
chamber 62D and the dlution liquid buffer tank 62F 
formed in the pressurizing chamber forming unit 62. 
This vibration plate 64 is provided with an ink supply 
duct 67 for supplying the ink suppled from an ink tank, 
not shown, to the ink buffer tank 62C. This furnishes the 40 
ink stored in the ink tank via ink supply duct 67 to the ink 
buffer tank62C. 

The vibration plate 64 is provided with a dilution 
solution supply duct 68 adapted for supplying the dilu- 
tion solution supplied from a dilution solution tank (not 45 
shown) to the dilution solution buffer tank 62 F. This ena- 
bles the dilution solution stored in the dilution solution 
tank to be supplied via dilution solution duct 68 to the 
dilution solution buffer tank 62F. 

On the vibration plate 64 are formed protrusions so 
64B and 64A in register with the first and second pres- 
surizing chambers 62D and 62A, respectively. The sizes 
of these protrusions 64B and 64A are selected to be 
smaller than sides 66A, 65A of the layered piezo units 
66, 65 on which to bond the protrusions 64B, 64 A, 55 
respectively. 

The layered piezo 65 is made up of piezoelectric 
members 65B and electrically conductive members 65C 



layered alternately together in a direction parallel to the 
side 64C of the vibration plate 64 and bonded to an 
adhesive surface of the protrusion 64 A. The number of 
times of layering of the piezoelectric members 65B and 
electrically conductive members 65C may be selected 
optionally. 

The layered piezo 65 is secured to a stationary 
base member 69 connected to the metal plate 61 B of 
the orifice plate 61. 

When the driving potential is impressed across the 
layered piezo 65, it is displaced linearly in a direction 
opposite to the direction indicated by arrow a for raising 
the vfcration plate 64 about the portion thereof bonded 
to the protrusion 64A for increasing the pressure within 
the second pressurizing chamber 62A. 

If the driving voltage is annulled, the layered piezo 
unit 65 is lineally displaced in the direction indicated by 
arrow a for thrusting the protrusion 64A for warping the 
vibration plate 64. This raises the pressure within the 
second pressurizing chamber 62A for seeping the ink 
via the quantitation nozzle 61 C towards the emission 
nozzle 61 D. Since the protrusion 64A is sized to be 
smaller than the surface 65A of the layered piezo unit 
65, displacement of the layered piezo unit 65 can be 
transmitted in a concentrated manner to the position of 
the vibration plate 64 in register with the second pressu- 
rizing chamber 62A of the vibration plate 64. 

The layered piezo unit 66 is made up of piezoelec- . 
trie members 66B and electrically conductive members 
66C layered alternately together in a direction parallel to 
the side 64C of the vibration plate 64 and bonded to an 
adhesive surface of the protrusion 64B. The number of 
times of layering of the piezoelectric members 66B and 
electrically conductive members 66C may be selected 
optionally. 

The layered piezo unit 66 is secured to a stationary 
base member 70 connected to the metal plate 61 B of 
the orifice plate 61. 

When the driving potential is impressed across the 
layered piezo 66, it is displaced in a direction opposite to 
the direction indicated by arrow a tor raising the vibra- 
tion plate 64 about the portion thereof bonded to the 
protrusion 64A for increasing the pressure within the 
first pressurizing chamber 620. 

If the driving voltage is annulled, the layered piezo 
unit 66 is lineally displaced in the direction indicated by 
arrow a for thrusting the protrusion 64B for warping the 
vibration plate 64. This lowers the pressure within the 
first pressurizing chamber 62D for seeping the ink via 
the quantitation nozzle 61 D towards the emission noz- 
zle 61 0 Since the protrusion 64B is sized to be smaller 
than the surface 66A of the layered piezo unit 66, dis- 
placement of the layered piezo unit 66 can be transmit- 
ted in a concentrated manner to the position of the 
vibration plate 64 in register with the first pressurizing 
chamber €2D. 



19 



37 



EP0 829 355A1 



38 



(2*3) Method for Fabricating Orifice Plate 

The method for fabricating the orifice plate 61 is 
explained by referring to Fig. 1 2. 

First referring to Rg.12A, the fim of the organic s 
material 61 A is bonded to the opposite surface 61 B2 of 
the metal plate 61 B by heat pressure adhesion. Alterna- 
tively, the film of the organic material 61 A may be 
directly coated on the opposite surface 61 B2 of the 
metal plate 61 B using a coater. w 

In the present embodiment the film of the organic 
material 61 A having the glass transition temperature not 
higher than 250°C is used as the film of the organic 
material 61 A such that the press working temperature 
and pressure during the thermal pressure adhesion 75 
step can be lowered thus preventing warping of the ori- 
fice plate 61 . Also, since the thickness of the film of the 
organic material 61 A is selected to be approximately 70 
nm, a sufficient distance may be maintained between 
the first pressurizing chamber 620 and the second 20 
pressurizing chamber 62 A, so that interference 
between the first pressurizing chamber 62D and the 
second pressurizing chamber 62A can be prevented 
from interfering with each other. 

Then, as shown in Rg.12B, a resist is applied on 2s 
the surface 61B1 of the metal plate 61 and a resist is 
formed using a mask patterned to the shape of the first 
nozzle inlet port 61 F and to the second nozzle inlet port 
61 E. Then, as shown in Fig.12C, the metal plate 61 B is 
etched using, as a mask, a resist 71 having a pattern 30 
corresponding to the shape of the first nozzle inlet port 
61 F and to the second nozzle inlet port 61 E. In this 
manner, through-holes 61 F1, 61 E1 correspond ng in 
shape to the first nozzle inlet port 61 F and to the second 
nozzle inlet port 61 E are formed so as to be larger by 35 
approximately 30 to 1 50 jam than the diameter of the 
emission nozzle 61 D and the quantitation nozzle 61 D. 
Since the film of the organic material 61 A is chemically 
stable, the metal plate 61 B can be etched easily. 

The resist 71 is then removed, as shown in Fig.1 2D. 40 
Then, from the side 61 B1 of the orifice plate 61 , an exci- 
mer laser beam is illuminated on the surface 61 B1 of 
the orifice plate 61 in a perpendicular direction for form- 
ing the through-hole 61 D1 corresponding in shape to 
the emission nozzle 61 D at the same time as the exci- 45 
mer laser is illuminated from the surface 61 B1 of the ori- 
fice plate 61 in an oblique direction, that is in an oblique 
direction relative to the thickness of the film of the 
organic material 61 for forming the through-hole 61 C1 
corresponding in shape to the quantitation nozzle 61 C so 
in the film of the organic material 61. The through-hole 

61C1 is formed in th is case so th at th e ink emitting 

direction will face the through-hole 61 D1 . 

Since the through-holes 61 E1, 61 F1 are larger in 
diameter than the through-holes 61 C1, 61 D1. respec- ss 
lively, it becomes possible to soften the precision 
requirements in registration between the film of the 
organic material 61 and the metal plate 61 B during laser 



working and in etching for forming the through-holes 
61 E1, 61F1. On the other hand, since the first nozzle 
inlet port 6 1 f and the second nozzle inlet port 61 E are of 
size of not substantially influencing the increase in pres- 
sure in the first pressurizing chamber 62D or in the sec- 
ond pressurizing chamber 62A on pressure application 
on the first pressurizing chamber 62D or on the second 
pressurizing chamber 62A, the orifice plate 61 can be 
fabricated stably. 

Also, since the through-hole 61 C1 for the quantita- 
tion nozzle 61 C and the through-hole and the through- 
hole 61 D1 for the emission nozzle 61 D are formed in 
the film of the organic material 61 A, the quantitation 
nozzle 61 C and the emission nozzle 61 D are formed 
highly accurately for fully satisfying the requirements for 
amenability to laser working such that the hole depth 
achieved per pulse can be increased as compared to 
the case of forming the through-hole 61 C1 for the quan- 
titation nozzle 61 C and the through-hole and the 
through-hole 61 D1 for the emission nozzle 61 D in the 
orifice plate of metal. In addition, the nozzle shape more 
suitable to the emission of liquid droplets can be 
achieved. The result is that the through-hole 61 C1 for 
the quantitation nozzle 61 C and the through-hole and 
the through-hole 61 D1 for the emission nozzle 61 D can 
be formed at low costs and with higher efficiency thus 
improving productivity. 

This gives an orifice plate 61 which has not only the 
quantitation nozzle 61 C and the second nozzle inlet 
port 61 E communicating therewith but also the emission 
nozzle 61 D and the first nozzle inlet port 61 F communi- 
cating therewith. 

(2-4) Operation and Effect of the Second Embodiment 

In the above structure of the present printer head 
45 ('carrier jet printer head*), rf a pre-set driving power is 
applied to the layered piezo units 65, 66, the latter are 
displaced in an opposite direction to that shown by 
arrow a in Fig. 10. This raises the portions registering 
with the second pressurizing chamber 62A and the first 
pressurizing chamber 62D in a direction indicated by 
arrow a in the drawing, thus increasing the volume of 
the second pressurizing chamber 62A and the first 
pressurizing chamber 62D. 

If the volume of the second pressurizing chamber 
62A and the first pressurizing chamber 62D is 
increased in this manner, the meniscus of the quantita- 
tion nozzle 61 C and that of the emission nozzle 61 D are 
receded transiently towards the second pressurizing 
chamber 62A and the first pressurizing chamber 62D, 
respectively. However, if the displacement ofthelayered- 
piezo units 65, 66 subside, the meniscuses are stabi- 
lized in the vicinity of the distal ends of the quantitation 
nozzle 61 C and the emission nozzle 61 D under the 
effect of the equilibrium with the surface tension. 

During ink quantitation, the driving force applied to 
the layered piezo unit 65 is annulled, so that the vibra- 
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tion plate 64 is cfisplaced in a direction inticated by 
arrow a in the drawing by displacement of the layered 
piezo unit 65 in the same direction. This decreases the 
pressure in the second pressurizing chamber 62A to 
raise the pressure therein. Since time changes of the 5 
driving voltage applied to the layered piezo unit 65 are 
set moderately to inhibit ink emission from the quantita- 
tion nozzle 61 C, the ink remains extruded from the 
quantitation nozzle 61 C. 

Since the voltage value at the time of annulling the 10 
driving voltage applied across the layered piezo unit 65 
is set to a value corresponding to the gradation of pic- 
ture data, the amount of the ink extruded from the distal 
end of the quantitation nozzle 61 C is in meeting with 
picture data. 75 

The ink remaining extruded from the quantitation 
nozzle 61 C is contacted and mixed with the dilution liq- 
uid which is forming the meniscus in the vicinity of the 
distal end of the emission nozzle 61 D. 

On omission of the mixed solution of the ink and the 20 
dilution liquid, the driving voltage applied across the lay- 
ered piezo unit 66 is annulled, as a result of which the 
layered piezo unit 66 is displaced in the direction indi- 
cated by arrow a in the drawing. This decreases the vol- 
ume in the first pressurizing chamber 62D to raise the 25 
pressure therein so that the mixed solution having the 
ink concentration in meeting with the picture data is 
emitted from the emission nozzle 61 D. It is noted that 
time changes of the driving voltage applied across the 
layered piezo unit 66 are set for emitting the mixed solu- 30 
tion from the emission nozzle 61 D. 

In the printer head of the printer head device of the 
instant embodiment, the orifice plate 61 is formed by the 
film of the organic material 61 A and the metal plate 61 B, 
such that the metal plate 61b as the hard member is 35 
interposed between the pressurizing chamber forming 
unit 62 and the film of the organic material 61 A. Since 
the metal plate 61 B is in contact with the first pressuriz- 
ing chamber 62D and the second pressurizing chamber 
62A, the orifice plate 61 undergoes less deformation if 40 
the pressure is impressed across the first pressurizing 
chamber 62D and the second pressurizing chamber 
62A than if the orifice plate 61 is formed only by the film 
of the organic material. Consequently, the pressure 
within the first pressurizing chamber 62D and the sec- as 
ond pressurizing chamber 62A can be raised effectively 
and stably, so that the ink can be kept extruded from the 
quantitation nozzle 61 C effectively and stably and 
hence the ink and the dilution liquid forming the menis- 
cus in the vicinity of the distal end of the emission noz- so 
zle 61 D can be mixed together stably and reliably. 
Moreover, since the pressure in the first pressurizing 
chamber 62D can be raised effectively and reliably, the 
mixed liquid having the ink concentration in meeting 
with the picture data can be stably emitted from the ss 
emission nozzle 61 D thus improving reliability of the 
printer device. 

Moreover, since the amount of deformation of the 



orifice plate 61 can be made smaller than if the orifice 
plate 61 is formed only from the film of the organic mate- 
rial, the pressure in the first pressurizing chamber 62D 
and the second pressurizing chamber 62A can be 
raised effectively and stably even if the driving voltage 
applied to the layered piezo units 65, 66 is decreased, 
thus decreasing the power consumption. 

In the above-descrfced structure of the printer head 
of the printer device of the present embodiment, the ori- 
fice plate 61 is constituted by the metal plate 61B, 
herein stainless steel plate, having a thickness of 
approximately 50 nm, and the film of the organic mate- 
rial 61 A, having a thickness of approximately 70 11m and 
the glass transition temperature of not higher than 
250°C. The metal plate 61 B is a hard member formed 
with the first nozzle port 61 F and the second nozzle port 
61 E communicating with the first pressurizing chamber 
62D and the second pressurizing chamber 62A, respec- 
tively, while the film of the organic material 61A is 
formed with the emission nozzle 61 Dand with the sec- 
ond nozzle inlet port 61 C communicating with the first 
nozzle port 61F and the second nozzle port 61 E, 
respectively. Moreover, the orifice plate 61 is provided* 
on the pressurizing chamber forming unit 62 so that the 
surface 61B1 of the metal plate 61B covers the first 
pressurizing chamber 620 and the second pressurizing 
chamber 62A t and hence the pressure in the first pres- 
surizing chamber 62D and the second pressurizing 
chamber 62 A can be effectively and stably increased. 
Consequently, the mixed liquid having the ink concen- 
tration n meeting with the picture data can be efficiently 
and stably discharged from the emission nozzle 61 D 
thus realizing a 'carrier jet printer 1 device 40 having 
improved reliability. 

Moreover, with the above-descrtoed structure, 
employing the film of the organic material 61 A as mem- 
bers forming the quantitation nozzle 61 C and the emis- 
sion nozzle 61 D, the hole depth achieved per pulse can 
be increased as compared to the case of forming the 
quantitation nozzle 61 C and the emission nozzle 61 D in 
the orifice plate formed of metal. In addition, the nozzle 
shape amenable to liquid drop emission can be 
achieved, so that the quantitation nozzle 61 C and the 
emission nozzle 61 D can be formed inexpensively and 
efficiently, thus realizing the 'carrier jet printer* device 40 
having improved productivity. 

(3) Other Embodiments 

In the above-described first embodiment the 
printer head 15 designed for applying pressure to the 
pressurizing chamber 32A of the pressurizing chamber 
forming "nit 32 using the layered piezo unit 35 (Ink jet 
printer' head) is applied to the Inkjet printer* device 10. 
The present invention, however, is not limited to this 
specified embodiment such that, if an Ink jet printer* 
head 80 shown in Fig. 13. in which parts or components 
similar to those of Fig.3 are depicted by the same refer- 
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ence numerals, is applied to the Ink jet printer 1 device 
10. the favorable effects similar to those of the above- 
described first embodiment can be achieved. 

In the present Ink jet printer* head 80, a plate- 
shaped piezoelectric device 81 having an electrode 81 A 
is provided on the surface 34B of the vibration plate 34 
for covering the pressurizing chamber 32A. 

The direction of the voltage and polarization of the 
present invention 81 is selected so that, if a voltage is 
appGed across the piezoelectric device 81 . the latter is 
contracted in the in-plane direction of the vtoration plate 
34 so as to be flexed in the cfirection shown by arrow a. 

Thus, if a driving voltage is applied across the pie- 
zoelectric device 81 , the latter is flexed in the direction 
indicated by arrow a in Fig.14B, from the initial state 
shown in Fig. 14 A, thus warping the oscillation plate 34. 
This raises the pressure in the pressurizing chamber 
32A to emit the ink from the emission nozzle 31C. 

It is noted that time changes of the driving voltage 
applied across the piezoelectric device 81 are set to a 
voltage wave form which will permit the ink to be emitted 
from the emission nozzle 31 C. 

In the above<i escribed first embodiment the orifice 
plate 31 is made tp of the film of organic material 31 A 
and the metal plate 31 B. The present invention is, how- 
ever, not limited to this configuration. Thus, as shown in 
Fig. 15, an orifice plate 83 may be made up of a film of 
organic material 82 A ( above-mentioned Neoflex), 
about 7 \im in thickness, formed of a first resin having 
the glass transition temperature of 250°C or less, and a 
film of organic material 82 , about 125 urn in thickness, 
formed of a second resin with the glass transition tem- 
perature of 250°C or higher (Capton manufactured by 
DuPont) and the metal plate 31 B. In Fig. 15, parts or 
components similar in structure to the first embodiment 
are depicted by the same reference numerals and are 
the corresponding description is omitted for simplicity. 
This orifice plate can have the same favorable effect as 
that of the above-mentioned orifice plate 31 and can 
improve adhesion to the metal plate 31 B significantly. 
With this orifice plate 83, the emission nozzle 82C can 
be formed in the film 82 of the organic material in its 
entirety. 

In the orifice plate 83 of this configuration, since the 
emission nozzle 82C is formed in the film of the organic 
material 82B having the glass transition temperature of 
not lower than 250°C, it becomes possible to improve 
dimensional accuracy of the emission nozzle 82C, that 
is the direction of the emitted liquid droplets. 

Referring to Fig. 16. the method for fabricating the 
orifice plate 83 is explained. In Fig. 16, parts or compo- 
nents similar in structure to the first embodiment are 
— again depicted by the same reference numerals and are 
the corresponding description is omitted for simplicity. 
First, as shown in Fig. 1 6A, the f am of the organic mate- 
rial 82A is applied on one surface of the fOm of the 
organic material 82B to a thickness of substantially 7 
jam using, for example, a coater. The film of the organic 



material 82A is applied to a thickness which ekes out 
the surface roughness of the metal plate 31 B. For exam- 
ple, if the surface roughness of the metal plate 31 B is on 
the order of 6 inn, the thickness of the fOm of the organic 
5 material 82A is set to approximately 10 pm. 

Then, as shown in Rg.16B, the opposite surface 
31 B2 of the metal plate 31B is bonded by thermal pres- 
sure bonding to the surface 82A1 of the film of the 
organic material 82A, as shown in Fig.16B. 
io By using the film of the organic material 82A having 
the glass transition temperature not higher than 250°C 
is used as the film of the organic material, the press- 
working temperature and pressure for the thermal pres- 
sure bonding process can be lowered this preventing 
is warping of the orifice plate 83. 

Then, as shown in Fig.16C. a resist is applied to the 
surface 31 B1 of the metal plate 31B and a resist 84 is 
formed by pattern light exposure using a mask having a 
pattern corresponding in shape to the nozzle inlet port 
20 31 D. Then, as shown in Rg.16D t the through-hole 31 D1 
for the nozzle inlet port 3 1 D is formed so as to be larger 
in diameter than the nozzle 31D by about 30 to 150 pm 
using, as a mask, the resist 84 having a pattern corre- 
sponding to the shape of the nozzle inlet port 31D. 
2S Since the film of the organic material 82A is chemically 
stable, the metal plate 31 B can be etched easily. 

Then, as shown in Fig.16E, the resist 84 is 
removed, and an excimer laser beam is then illuminated 
in a perpendicular direction on the surface 82B1 of the 
30 film of the organic material 82B from the surface oppo- 
site to the surface 82B1 of the orifice plate 83 for form- 
ing a through-hole 82C1 for the emission nozzle 82C in 
communication with the through-hole 31 D1 . 

Since the through-hole 31 D1 is larger in diameter 
as than the through-hole 82C1, it becomes possible to 
improve registration accuracy between the film of the 
organic material 62 and the metal plate 81 B during laser 
working and to soften etching accuracy during formation 
of the through-hole 31 D1 for the nozzle inlet port 31 D. 
40 Since the nozzle inlet port 31 D is sized so as not to 
affect rise in pressure in the pressurizing chamber 32A 
on pressure impression on the pressurizing chamber 
32A. the orifice plate 83 can be fabricated in stability. 
The hole depth achieved per pulse can be 
45 increased as compared to the case of forming the 
through-hole 82C1 for the emission nozzle 82C in the 
orifice plate formed of metal. In addition, the nozzle 
shape amenable to liquid drop emission can be 
achieved, so that the through-hole 82C1 for the emis- 
so sion nozzle 82C can be formed efficiently at low costs. 

In this manner, the orifice plate 83 having the emis- 
sion nozzle 82c and the nozzle inlet port 31 D communi- 

eating therewith is produced. 

In the above-described first embodiment, the orifice 
55 plate 31 has been produced by a sequence of opera- 
tions shown in Fig.4. The present invention, however, is 
not limited to this specified configuration since the effect 
comparable to that of the first embodiment can be 
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achieved rf the orifice plate 31 is produced by the 
sequence of operations shown in Fig.1 7, in which parts 
or components similar in structure to the embodiment of 
Fig. 4 are depicted by the same reference numerate and 
are the corresponding description is omitted for simplic- 5 
ity- 

First as shown in Fig. 17 A, a resist is formed on 
each surface of the metal plate 31 B and pattern fight 
exposure is carried out using a mask having a pattern 
in meeting with the nozzle inlet port 31 D, for forming 10 
resists 84. 85. 

First as shown in Fig.17B, the metal plate 31 B is 
etched from its both sides, using the resists 84, 85, hav- 
ing the patterns corresponding to the nozzle inlet port 
31 D as the masks, from both sides of the metal plate is 
31 B, for forming the through-hole 31 D1 for the nozzle 
inlet port 31 D so that the through-hole 31 D1 will be 
larger in diameter by about 30 to 150 jim than the emis- 
sion orifice 31 C. Then, after removing the resists 84, 85 
as shown in Ftg.17C, the film of the organic material 20 
31 A is bonded to the surface of the metal plate 31 B by 
thermal pressure bonding. 

Since the metal plate 31 B is etched from both 
sides, the through-hole 31 D1 may be smaller than if the 
metal plate 31 B is etched from its one side, while the 25 
radius of the corner of the through-hole 31 D1 may be 
reduced. 

Then, as shown in Fig.17D, an excimer laser beam 
is illuminated on the film of the organic material 31 A in a 
perpendicular direction to the surface 31 E of the orifice so 
plate 31 for forming the through-hole 31 C1 for the emis- 
sion nozzle 31 C in the organic material 31 A In this 
case, the through-hole 31 C1 is formed for communica- 
tion with the through-hole 31 D1 for the nozzle inlet port 
31 D. Since the radius of the rounded comer of the 35 
through-hole 31 D1 is smaller, the laser beam can be 
prohibited from being interrupted at the corder during 
formation of the through-hole 31 C1 . 

In this manner, the orifice plate 31 having the emis- 
sion nozzle 31 C and the nozzle inlet port 31 D commu- 40 
nicating therewith is produced. 

The film of the organic material 82 may be used in 
place of the fflm of the organic material 31 A for realizing 
the favorable results similar to those described above. 

In the above-described first embodiment, the orifice 45 
plate 31 has been produced by a sequence of opera- 
tions shown in Fig.4. The present invention, however, is 
not limited to this specified configuration since the effect 
comparable to that of the first embodiment can be 
achieved if the orifice plate 31 is produced by the so 
sequence of operations shown in Fig. 18, in which parts 
or components similar in structure to the embodiment of 
Fig.4 again are depicted by the same reference numer- 
als and are the corresponding description is omitted for 
simplicity. ss 

First as shown in Ftg.l8A, the portion of the metal 
plate 31B in register with the nozzle inlet port 31 D is 
punched in a direction indicated by arrow P1, using a 



pre-set metal mold, not shown, for boring the through- 
hole 31 D1 for the nozzle inlet port 31D1. In this case, 
the through-hole 31D1 is formed so as to be larger by 
about 30 1 150 jim than the emission nozzle 31C. The 
metal plate is also punched so that burrs, not shown, will 
be produced on the side of the opposite surface 31 B2 of 
the metal plate 31 B. 

In this case, by using the metal mold, the through- 
hole 31 D1 can be bored in a shorter time, while the 
rounding of the corner of the through-hole 31d1 can be 
minimized. 

Then, as shown in Fig.18B, the fflm of the organic 
material 31 A ts bonded by thermal pressure bonding to 
the opposite surface 31 B of the metal plate 31 B. Then, 
as shown in Rg.18C, an excimer laser beam is then illu- 
minated in a perpendicular direction on the surface 31 E 
of the film of the organic material 31 from the side of the 
orifice plate 86 opposite to the surface 3 1 E for forming a 
through-hole 31 C1 for the emission nozzle 32C for com- 
pleting the orifice plate 86. In this case, the through-hole 
31 C1 is formed for communicating with the through-hole 
31 D1 for the nozzle inlet port 31 D. 

Since the rounding of the comer of the through-hole 
31 D1 is small, the laser beam can be prohibited from 
being interrupted by the corner portion during formation 
of the through-hole 31 C1 . 

With the orifice plate 86 of Fig. 19, fabricated by the 
sequence of operations shown in Fig.1 8, the favorable 
effect similar to that of the orifice plate 86 can be 
achieved. In addition, since the burrs 31 B3 formed on 
punching the metal plate 31 B during thermal pressure 
bonding of the metal plate 31 B to the film of the organic 
material 31 A nips into the metal plate 31 B during ther- 
mal pressure bonding, thus prohibiting ink leakage and 
pressure leakage from occurring. Consequently, the 
distance between the proximate pressurizing chambers 
can be reduced, so that the pitch of the emission noz- 
zles 31 C can be reduced. 

The film of the organic material 82 may be used in 
place of the film of the organic material 3 1 A for realizing 
the favorable results similar to those described above. 

In the above-described second embodiment, the 
printer head 45 ('carrier jet printer' head) configured for 
applying a pressure to the second prec 62A and the first 
pressurizing chamber 62D of the pressurizing chamber 
forming unit 62 using the layered piezo units 65, 66 is 
applied to a 'carrier jet printer' device. However, the 
present invention is not limited to this specified configu- 
ration. Specifically, the favorable effects similar to those 
of the above-described second embodiment can be 
achieved if a 'carrier jet printer* head 90 shown in Fig£0, 
showing corresponding parts of Fig.6 by the same refer- 
ence numerals, is applied to the printer device 40. 

With this 'carrier jet printer' head 90, a plate-shaped 
piezoelectric device 91 having an electrode terminal 
91 A and a piezoelectric device 92 having an electrode 
terminal 92A are provided on one surface 64C of the 
vibration plate 64 for covering the second pressurizing 
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chamber 62A and the first pressurizing chamber 620. 

The direction of voltage application and polarization 
of the piezoelectric devices 91, 92 are selected so that 
on voltage application across the piezoelectric devices 
91 , 92, these devices are contracted within the plane of s 
the vibration plate 64 so as to be flexed in a direction 
indicated by arrow a. 

In effect, with the present 'carrier jet printer* head 
90, no driving voltage is applied across the piezoelectric 
devices 91 . 92 in the emission stand-by state, such that io 
the meniscuses of the ink and the dilution liquid are 
formed at positions in equilibrium with the surface ten- 
sion, that is in the vicinity of the quantitation nozzle 61 C 
and the emission nozzle 61 D, respectively. 

During ink quantitation, a driving voltage is is 
impressed across the piezoelectric device 91. This 
flexes the piezoelectric device 91 in the direction indi- 
cated by arrow a to reduce the volume in the second 
pressurizing chamber 62A to raise the pressure therein 
to extrude the ink from the distal end of the quantitation 20 
nozzle 61 C. 

During ink emission, a driving voltage is applied 
across the piezoelectric device 92. This flexes the pie- 
zoelectric device 92 in the direction indicated by arrow a 
to warp the portion of the vibration plate 64 in register 25 
with the first pressurizing chamber 62D in the direction 
indicated by arrow a. This reduces the volume in the 
first pressurizing chamber 62D to raise the pressure 
therein to emit the mixed solution having an ink concen- 
tration corresponding the picture data via emission noz- 30 
zle 61 D. 

In the above-descrfoed second embodiment the 
orifice plate 61 is formed by the film of organic material 
61 A and the metal plate 61 B. The present invention, 
however, is not limited to this constitution. That is, an 35 
orifice plate 94 may be constituted by a film of the 
organic material 93 and a metal plate 61 B, as shown in 
Fig.21. The film of the organic material 93 is made up of 
a f am of organic material 93A formed of a first resin (the 
above-mentioned Neoflex) with a thickness approxi- 40 
mately equal to 7 fim and a glass transition temperature 
of 250°C or lower , and a film of organic material 93B 
formed of a second resin ('Capton' manufactured by 
DuPont de Nemurs) with a thickness approximately 
equal to 125 ^m and a glass transition temperature of 45 
250°C or higher. In Fig.21. the parts or components 
having the same structure as that of the second embod- 
iment are depicted by the same reference numerals and 
no description is made for brevity. In this case, the 
effects comparable to those with the above-mentioned so 
orifice plate 61 may be realized. In particular, adhesion 

to t he meta l plate 61B can be im proved sig nificantly. 

With this orifice plate 94, a quantitation nozzle 93C and 
an emission nozzle 93D are formed in the film of the 
organic material 93 in its entirety. 55 

In the above orifice plate 94, the quantitation nozzle 
93C and the emission nozzle 93D are formed in the film 
of the organic material 93B formed of the above-men- 



tioned 'Capton' having the glass transition temperature 
not lower than 250°C. thereby stabilizing dimensional 
accuracy of the quantitation nozzle 93C and the emis- 
sion nozzle 93D, that is the direction of emission of liq- 
uid droplets. 

The process for manufacturing the orifice plate 94 
is now explained by referring to Fig .22 in which like 
parts or components are denoted by the same refer- 
ence numerals and the description is omitted for sim- 
plicity. Referring first to F*g.22A, the fflm of the organic 
material 93A is coated to a thickness of 7 fim on a sur- 
face 93B1 of the film of the organic material 93B, using 
a coater, not shown, as shown in Fig.22A. In this case, 
the f flm of the organic material 93A is coated to give a 
thickness sufficient to eke out surface roughness of the 
metal plate 61 B. ff, for example, the surface roughness 
of the metal plate 61B is on the order of 6 ^m at the 
maximum, the thickness of the film of the organic mate- 
rial 93A is selected to 10 11m. 

Then, as shown in Fig.22B t the opposite surface 
61B2 of the metal plate 61B is bonded by thermal pres- 
sure bonding to the surface 91 A of the film of the 
organic material 93 A, as shown in Fig. 22 B. 

By using the film of the organic material 93A having 
the glass transition temperature of 250°C or lower as 
the flm of the organic material, the press working tem- 
perature and pressure in the thermal pressure bonding 
process can be lowered for preventing warping of the 
orifice plate 94. 

A resist is then coated on a surface 61 Bl of the 
metal plate 61 B as shown in Fig.22C t and subsequently 
the pattern light exposure is carried out for forming a 
resist 95 using a mask having a pattern corresponding 
to the first nozzle inlet port 61 F and the second nozzle 
inlet port 61 E. The metal plate 61b is then etched using, 
as mask, the resist 95 having a pattern corresponding to 
the first nozzle inlet port 61 F and the second nozzle 
inlet port 61 E. as shown in Fig.22D, for forming a 
through-hole 61 F1 for the first nozzle inlet port 61 F and 
a through-hole 61 E1 for the second nozzle inlet port 
61 E so that these ports will be larger by approximately 
30 to 150 \ixr\ than the diameters of the emission nozzle 
93D and the quantitation nozzle 93C, respectively. The 
metal plate 61b can be etched easily because of chem- 
ical stability of the film of the organic material 93A. 

Then, as shown in Fig.22E, the resist 95 is 
removed, after which an excimer laser beam is radiated 
in a perpendicular direction to a surface 93B2 of the film 
of the organic material 93 facing a surface 93B2 of the 
orifice plate 94 for forming a through-hole 93D1 for the 
quantitation nozzle 93D, while an excimer laser beam is 
also radia ted obliq uely to the opposite surface .93 B2.fbr 
forming a through-hole 93C1 for the quantitation nozzle 
93C. The through-hole 93C1 is formed so that ink will be 
extruded towards the side of the emission nozzle 93D. 
The through-holes 93C1 and 93D1 are formed for com- 
munication with the through-holes 61 E1 and 61 F1, 
respectively. 
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Since the diameters of the through-holes 61 E1 and 
61 F1 are larger than those of the through-holes 93C1 
and 93D1, respectively, it becomes possHe to release 
the tolerance for positioning the film of the organic 
material 93 and the metal plate 61 B during laser work- 
ing and that for etching for forming the through-hole 
61 F1 for the first nozzle inlet port 61 F and the through- 
hole 61 E1 for the second nozzle inlet port 61 E. Also, the 
through-hole 61 F1 and the through-hole 61 E1 are sized 
so as not to affect pressure rise in the first pressurizing 
chamber 62D or the second pressurizing chamber 62A 
on pressure application in the first pressurizing cham- 
ber 62D or the second pressurizing chamber 62 A, thus 
enabling stabilized manufacturing of the orifice plate 94. 

Since the through-holes 93C1 for the quantitation 
nozzle 93C and the through-holes 93D1 for the emis- 
sion nozzle 930 are formed in the film of the organic 
material 93, the hole depth that can be formed per pulse 
can be increased than if the through-holes 93C1 and 
the through-holes 93D1 are formed in the orifice plate 
formed of a metal material, while a nozzle shape more 
suited to emission of liquid droplets can be produced, 
thus enabling the through-holes 93 C1 for the quantita- 
tion nozzle 93C and the through-holes 93D1 for the 
emission nozzle 93D to be formed efficiently at lower 
cost. 

This gives the orifice plate 94 having the first nozzle 
inlet port 61 F in communication with the emission noz- 
zle 93 D and the second nozzle inlet port 61 E in commu- 
nication with the quantitation nozzle 93C. 

Although the orifice plate 61 is formed by the 
s quence of operations shown in Fig. 12, the present 
invention is not limited thereto and the effect similar to 
that obtained with the above-described second embod- 
iment can be obtained if the sequence of operations 
shown in Fig.23 is used for manufacturing the orifice 
plate 61. In Fig.23, parts orconponents similar in struc- 
ture shown in Fig. 12 are depicted by the same refer- 
ence numerals and are the corresponding description is 
omitted for simplicity. 

That is, a resist is first formed as shown in Fig.23A 
on both sides of the metal plate 61 B, and pattern light 
exposure is then earned out using a mask having a pat- 
tern corresponding to the second nozzle inlet port 61 E 
and the first nozzle inlet port 61 F for forming resists 96, 
97. 

Then, as shown in Fig.23B. the metal plate 61 B is 
etched from both sides of the metal plate 61 B. using the 
resists 96, 97 having patterns corresponding to the sec- 
ond nozzle inlet port 61 E and the first nozzle inlet port 
61 F, as masks, for forming the through-hole 61 E for the 
second nozzle inlet port 61 E and through-hole 61 F tor 
the first nozzle inlet port 61 F so that these through- 
holes will be larger in diameter than the quantitation 
nozzle 61 C and the emission nozzle 61 D. Then, as 
shown in Fig.23C. the resists 96, 97 are removed, after 
which the film of the organic material 61 A is bonded by 
thermal pressure bonding to a surface of the metal plate 



61 B. 

Since the metal plate 61 B is etched from both sides 
of the metal plate 61 B, the through-holes 61 E1 and 
61 F1 can be smaller in diameter and the through-holes 

5 61E and 61F can be rounded to a lesser extent than if 
the metal, plate 61 B is etched from its one side. 

Then, as shown in Fig.23D, the exdmer laser is 
radiated to the surface 61A of the film of the organic 
material 61 A from a side facing the side 61 A1 in a per- 

io pendicutar direction for forming the through-hole 61C1 
for the quantitation nozzle 61 C for extruding the ink 
towards the emission nozzle 61 D for forming the orifice 
plate 61. 

In this case, the through-hole 61 C1 for the quantrta- 
75 tion nozzle 61C and the through-hole 61D1 for the dilu- 
tion solution nozzle 61 D are formed for communication 
with the through-hole 61 E1 for the second nozzle inlet 
port 61 E and with the through-hole 61 F1 for the first 
nozzle inlet port 61 F, respectively. Since the corners of 
so the through-holes 61 E, 61f are rounded to a lesser 
extent, the laser beam can be prevented from being 
obstructed by the corners during formation of the 
through-holes 61 E1 and 61 F1 . - 
This gives the orifice plate 61 having the emission 
25 nozzle 61d with the first nozzle inlet port 61 F1 commu- 
nicating therewith and the quantitation nozzle 61 C with 
the second nozzle inlet port 6EF1 communicating there- 
with. 

The film of the organic material 61 A may also be 

30 replaced by the above-mentioned film of the organic 
material 93 with similar effects. 

Although the orifice plate 61 is formed by the 
sequence of operations shown in Fig. 12, the present 
invention is not limited thereto and the effect similar to 

35 that obtained with the above-described second embod- 
iment can be obtained if the sequence of operations 
shown in Fig.24 is used for manufacturing the orifice 
plate 61 . In Fig.24, parts or components similar in struc- 
ture shown in Fig. 12 are depicted by the same refer- 

40 ence numerals and are the corresponding description is 
omitted for simplicity. 

First, the portions of the metal plate 61 B of Rg.24A 
in register with the first nozzle inlet port 61 F and with the 
second nozzle inlet port 61 E are punched in a direction 

45 indicated by arrow P2, using a metal mold, not shown, 
for boring the through-hole 61 F1 for the first nozzle inlet 
port 61 F and the through-hole 61E1 for the second noz- 
zle inlet port so as to be larger in diameter by about 30 
to 150 jtm than the emission nozzle 61 D and the quan- 

so titation nozzle 61 C, respectively. In this case, the metal 
plate is punched so that burrs, not shown, will be formed 
on the opposite side 61 B2 of the metal plate 61 B. 

By using the metal mold, the through-holes 61E1, 
61 Fl can be bored in a shorter time while the corners of 

55 the through-holes 61 El, 61 F1 can be minimized in size. 
Then, as shown in Fig.24B. the f 3m of the organic 
material 61 A is bonded by thermal pressure bonding to 
the opposite side 61B2 of the metal plate 61 B. The, as 



25 



RNSOOCID:<EP » > 



49 



EP0829 355 A1 



50 



shown in Fig.24C, an excimer laser beam is irracfiated in 
a perpendicular Erection on the side 61 A1 on the f flm of 
the organic material 61 from a side feting the side 61 A1 
of the orifice plate 98 tor boring the through-hole 61 D1 
for the emission nozzle 61 D in the film of the organic 
material 61 A, at the same time as an excimer light beam 
is irradiated obliquely on the side 61 A1 for forming the 
through-hole 61 C1 for the quantitation nozzle 61 C for 
permitting the ink to be extruded towards the emission 
nozzle 61 D for forming the orifice plate 61 . 

The through-holes 61 C1 and 61 D1 are formed for 
communicating with the through-holes 61 E1 and 61 F. 
respectively. 

In the case of the orifice plate 98 of Rg.25, manu- 
factured by the sequence of operations shown in Fig. 24, 
the effects similar to those of the orifice plate 61 are 
obtained. Moreover, since burrs 61B3 formed during 
punching nip into the film of the organic material 61 A in 
the course of thermal pressure bonding of the metal 
plate 61 and the film of the organic material 61 A thus 
preventing leakage of ink or the dilution solution and 
pressure leakage. Consequently, the distance between 
the first pressurizing chambers 62D proximate to each 
other and between the second pressurizing chambers 
62A can be reduced, thus increasing the pitch density of 
the quantitation nozzle 61 C. The above-mentioned film 
of the organic material 93 may also be used in place of 
the film of the organic material 61a for similar effects. 
However, the present invention is not limited thereto, but 
may also be applied to a line printer or a drum rotating 
printer as shown in Figs.26 and 27 in which like parts or 
components to those of Ftg.1 are denoted by the same 
reference numerals. 

Referring to Fig.26. a line printer 100 includes a line 
head 101 having a linear array of a number of printer 
heads 15 (Inkjet printer* heads). The line printer 100 is 
configured so that characters for one row are printed 
simultaneously by the line head 101 and. on completion 
of printing, the drum is rotated by one row for printing 
the next row. In this case, the entire lines may be printed 
in a lump or divided into plural blocks for alternate print- 
ing every other fine. 

In a drum rotating printer 110. shown in Fig.27, the 
ink is emitted from the printer head 15 (Ink jet printer* 
head) in synchronism with rotation of the drum 11 for 
forming an image on a printing sheet 13. When the 
drum 11 completes one complete revolution for com- 
pleting printing of one row in a circumferential direction 
on the printing sheet 13, the feed screw 14 is rotated for 
moving the printer head 15 by one pitch for printing the 
next row. In this case, the drum 1 1 and the feed screw 
1 4 may be rotated simul taneo usly for gradually moving 
"the printer head 15 gradually during printing. In the 
structure of printing the same position several times or 
in the case of a multi-nozzle head, the drum 1 1 and the 
feed screw 14 are operatively associated for being 
rotated simultaneously for spiral printing. 

Of course, the aforementioned printer head 80 (Ink 
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jet printer head*) or the printer heads 45. 90 f carrier jet 
printer "heads) can be used for the line type printer 
device 100 and to the drum rotation type printer device 
110. 

It should be noted that, although the thickness of 
the film of the organic material 31 A is limited to approx- 
imately 70 |im, the present invention is not limited 
thereto, but the thickness of the film of the organic mate- 
rial may be set to any other optional value. In particular, 
if the thickness is selected to approximately not less 
than about 50 ym t the effect comparable to that of the 
above-descrfced embodiment can be achieved. 

Although the thickness of the fflm of the organic 
material 61 A is selected to approximately 70 *im. the 
present invention is not limited thereto, but various other 
values can be used as the thickness of film of the 
organic material 61 A. In particular, if the thickness is 
selected to approximately not less than about 70 pm, 
the effect comparable to that of the above-described 
embodiment can be achieved. 

Although the thickness of the metal plates 31 B. 61 B 
is selected to approximately 50 iim. the present inven- 
tion is not limited thereto, but various other values can 
be used as the thickness of the metal plates 31 B. 61 B. 
In particular, if the thickness is selected to approxi- 
mately not less than about 50 *im. the effect comparable 
to that of the above-descrfced embodiment can be 
achieved. 

Although the films of the organic material 31 A, 82 A, 
61 A and 93A formed of Neoflex having the glass transi- 
tion temperature of not higher than about 250°C are 
used in the above-described embodiment, the present 
invention is not limited thereto but various other value s 
of the glass transition temperature may also be used. 

Although the thickness of the films of the organic 
material 82, 93 is selected to approximately 132 iim, the 
present invention is not limited thereto, but various other 
values can be used as the thickness of the films of the 
organic material 82, 93. 

Although excimer laser is used in the above- 
described embocfiment the present invention is not lim- 
ited thereto but various other laser sources may also be 
used, such as C0 2 gas laser. 

In the above embodiment, the excimer laser light 
beam is irradiated from the side of the metal plates 31 B, 
61 B for producing the nozzle. The present invention, 
however, is not limited to this configuration and the laser 
light beam may also be radiated from the side of the film 
of the organic material. 

In the above embodiment, the ink and the dilution 
solution are provided on the quantitation side and on the 
jeMssion side t „respectively. The present invention, how-- 
ever, is not limited to this configuration and the ink and 
the dilution solution may be provided on the emission 
side and on the quantitation side, respectively. 

In the above embodiment, the orifice plate 31 is of a 
layered structure of the tarn of the organic material 31 A 
and the metal plate 31 B, while the orifice plate 83 is of a 
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layered structure off the film off the organic material 82 
and the metal plate 31 B. The present invention, how- 
ever, is not limited to this configuration and the films of 
the organic material 31 A. 82 may also be bonded to the 
metal plate 31 B after mounting the metal plate 31 B on 
the pressurizing chamber forming unit 32. That is, if the 
orifice plate is provided with the pressurizing chamber 
forming unit, hard member and the resin member, the 
structure may be modified without departing from the 
purport of the invention. 

In the above embedment, the orifice plate 61 is off a 
layered structure of the film of the organic material 61 A 
and the metal plate 31 B, while the orifice plate 94 is off a 
layered structure of the film of the organic material 93 
and the metal plate 61 B. The present invention, how- 
ever, is not limited to this configuration and the films of 
the organic material 61 A, 93 may also be bonded to the 
metal plate 61 B after mounting the metal plate 61 B on 
the pressurizing chamber forming unit 62. That is, if the 
orifice plate is provided with the pressurizing chamber 
forming unit, hard member and the resin member, the 
structure may be modified without departing from the 
purport of the invention. 

Also, in the above embodiment the pressurizing 
chamber forming unit 32 is used as a pressurizing 
chamber forming unit formed with a solution chamber 
charged with the solution. The present invention is not 
limited thereto but various other pressurizing chamber 
forming units may also be used as the pressurizing 
chamber unit 

In the above embodiment, pressurizing means 
made up of the adhesive 33, vibration plate 34, protru- 
sion 34A, layered piezo unit 35 and the base 37 and 
pressurizing means made up of the adhesive 33, vibra- 
tion plate 34 and the piezoelectric device 81 are used as 
pressurizing means provided on one side of the pressu- 
rizing chamber forming unit for thrusting a pressurizing 
chamber contact portion for generating a pre-set pres- 
sure in the pressurizing chamber. The present inven- 
tion, however, is not limited to this configuration and 
various other pressurizing means may also be used as 
pressurizing means. 

In the above embodiment the metal plates 31B, 
61 B are used as hard members provided on the oppo- 
site side surface off the pressurizing chamber forming 
unit. The present invention, however, is not limited to 
this configuration and various other hard members may 
be used as the hard member. 

In the above embodiment, the film of the organic 
material 31 A is used as a resin member formed with an 
emission nozzle for establishing communication 
between the pressurizing chamber forming unit and the 
outside and for emitting the solution from the pressuriz- 
ing chamber to outside. The present invention, however, 
is not limited to this configuration but resin members 
formed of various other resins, such as polyimides, may 
also be used. In particular, the results equivalent to 
those of the previous embodiment may be realized by 



using the resin having a glass transition temperature of 
250°C or lower. 

In the above embodiment the film of the organic 
material 82 made up of the films of the organic material 

5 82A and 82B is used as the resin member formed with 
an emission nozzle for establishing communication 
between the pressurizing chamber forming unit and the 
outside and for emitting the liquid from the pressurizing 
chamber forming unit to outside. The present invention 
io is not limited thereto but a resin member having various 
combinations of the glass transition temperature and 
the resin material type may be used as the resin mem- 
ber. In particular, if a resin member made up of a first 
resin member having a glass transition temperature 

75 substantially equal to 250°C or lower and a second 
resin member having a glass transition temperature 
substantially equal to 250°C or higher is used, the 
effects equivalent to those of the above embedment 
may be achieved. 

20 Although the films of the organic material 82B, 93B 
are used as the second resin having the glass transition 
temperature of not lower than 250°C in the above 
embocfiment the present invention is not limited thereto, 
but various other resin materials may also be used as 

25 the second resin material having the glass transition 
temperature of not lower than 250°C. 

Although the pressurizing chamber forming unit 62 
is used in the above embodiment as the pressurizing 
chamber forming unit formed with the first pressurizing 

30 chamber charged with the emission medium and with 
the second pressurizing chamber charged with the 
quantitation medium, the present invention is not limited 
thereto, but various other pressurizing chamber forming 
unit may be used as the pressurizing chamber forming 

35 unit. 

In the above embodiment, first pressurizing means 
comprised off the adhesive 63, vibration plate 64, protru- 
sion 64B, layered piezo unit 66 and the base 70 and 
second pressurizing means comprised of the adhesive 

40 63, vibration plate 64 and the piezoelectric device 92 
are used as first pressurizing means provided on one of 
the surfaces off the pressurizing chamber forming unit 
for thrusting the portion contacted with the first pressu- 
rizing chamber for generating a pre-set pressure in the 

45 first pressurizing chamber. The present invention is, 
however, not limited to this embodiment and may be 
applied to a variety off other first pressurizing means. 

In the above embodiment second pressurizing 
means comprised of the adhesive 63, vtoration plate 64, 

so protrusion 64A, layered piezo unit 65 and the base 69 
and second pressurizing means comprised of the adhe- 
sive 63, vibration plate 64 and the piezoelectric device 
91 are used as second pressurizing means provided on 
one of the surfaces of the pressurizing chamber forming 

55 unit for thrusting the portion contacted with the second 
pressurizing chamber for generating a pre-set pressure 
in the second pressurizing chamber. The present inven- 
tion is, however, not limited to this embodiment and may 
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be applied to a variety of other second pressurizing 
means. 

Also, in the above embodiment the film of the 
organic material 61 A is used as a resin member formed 
with the emission nozzle for establishing communica- s 
tion between the first pressurizing chamber and outside 
and configured for emitting the mixed solution from the 
emission nozzle. The present invention, however, is not 
limited to this embedment and a resin member formed 
of various other resins such as polyimide may be used io 
as the resin member. If the resin having the glass tran- 
sition temperature not higher than 250°C, the effects 
similar to those of the above-described embodiment 
can be realized. 

Moreover, in the above embodiment, the film of the is 
organic material 93 made up of the film of the organic 
material 93A and the f 1m of the organic material 93B is 
used as a resin member formed with the emission noz- 
zle for establishing communication between the first 
pressurizing chamber and outside and configured for 20 
emitting the mixed solution from the emission nozzle. 
The present invention, however, is not limited to this 
embodiment and a resin member comprised of combi- 
nations of various resins and glass transition tempera- 
tures may be used as the resin member. In particular, if 2s 
the resin comprised of a first resin having the glass tran- 
sition temperature not higher than 250°C and a second 
resin having a glass transition temperature not lower 
than 250°C is used, the effects similar to those of the 
above-described embodiment can be realized. 30 

2. Embodiments Corresponding to Third and Fourth 
Inventions 

(1) First Embodiment 35 

In the present embodiment, the present invention is 
applied to an Inkjet printer' device emitting only the ink, 
that is an embodiment corresponding to the third sub- 
ject-matter of the invention. 40 

(1-1) Structure of Inkjet printer* Device 

The overall structure of the 'ink jet printer* device of 
the present embodiment is similar to the first embodi- 45 
merit corresponding to the first subject-matter and the 
second subject-matter of the present invention, so the 
description is not made herein. That is, in the Ink jet 
printer* device of the present embodiment an Ink jet 
printer' head as later explained is used in place of the so 
above-described printer head 15. In the Ink jet printer' 
device of the present embodiment a controller similar to 
the above-mentioned control! e7 is used, so the descrip- 
tion is similarly omitted. 

55 

(1-2) Structure of the Ink jet printer* head 

The structure of the 'ink jet printer* head of the Ink 



jet printer* device of the present embodiment is 
explained. That is. in the present embodiment a vibra- 
tion plate 132 is bonded with an adhesive, not shown, to 
a surface 131 A of a plate-shaped pressurizing chamber 
forming unit 131 , while a plate-shaped orifice plate 133 
is bonded to the opposite side surface 132A of the 
vibration plate 132, and a layered piezo unit 135 is 
bonded via a protrusion 134 to a surface 132A of the 
vibration plate 132, as shown in Figs.28 and 29. Fig.28 
shows a cross-section taken along line A-A* in Fig.29. 

The pressurizing chamber forming unit 131 is of 
stainless steel and is substantially 0.1 mm thick. The 
pressurizing chamber forming unit 131 is formed with a 
pressurizing chamber 131C, a nozzle inlet opening 
131 D, a liquid supply duct 131 E, an ink buffer tank 131 F 
and a connection opening 131 G. The pressurizing 
chamber 131C is formed so as to be exposed from sub- 
stantially the mid position in the direction of thickness of 
the pressurizing chamber forming unit 131 towards the 
surface 131 A of the pressurizing chamber forming unit 
131. The nozzle inlet opening 131 D communicates with 
the lower side thereof and is exposed to the opposite 
side surface 131 B of the pressurizing chamber forming 
unit 131. 

The liquid supply duct 131 E is formed so as to be 
exposed from substantially the mid position in the direc- 
tion of thickness of the pressurizing chamber forming 
unit 131 towards the opposite side surface 131 B of the 
pressurizing chamber forming unit 131. The liquid sup- 
ply duct 131 E communicates with the pressurizing 
chamber 131 C via connection opening 131E and is 
formed between it and the nozzle inlet opening 131 E 
with interposition of a hard member 131 H. 

The ink buffer tank 1 31 F is formed so as to commu- 
nicate with the liquid supply duct 131E and so as to be 
exposed to the opposite side 131 B of the pressurizing 
chamber forming unit 131 . In the printer head 1 15 of the 
instant embodiment, shown in Fig.29. plural pressuriz- 
ing chambers 131 C are arrayed in a pre-set direction, 
with the ink buffer tank 131 F constituting a sole piping 
carrying plural liquid supply ducts 131 E, that is an ink 
buffer tank 136 which is a common ink solution chamber 
to the plural pressurizing chambers 131C. 

The connection opening 131G communicates with 
the ink buffer tank 1 31 F and is formed for being exposed 
to the surface 131 A of the pressurizing chamber form- 
ing unit 131. 

In the pressurizing chamber forming unit 131, the 
pressurizing chamber 131C, nozzle inlet opening 131 D, 
liquid supply duct 131 E, ink buffer tank 131 and the con- 
nection opening 131G are formed for defining the hard 
member 131H, and members 131 1. 131 J and 131 K. The 
hard member 1 31 H is contacted with the lower surface— 
of the pressurizing chamber 131 C, one of the lateral 
surface of the nozzle inlet opening 131 D and one of the 
lateral surfaces of the liquid supply duct 131 E to form a 
portion of the opposite surface 131 B of the pressurizing 
chamber forming unit 131. The member 1311 is con- 
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tacted with one of the lateral surfaces of the pressuriz- 
ing chamber 1 31 C, the upper surface o the liquid supply 
duct 131 E and one of the lateral surfaces of the connec- 
tion opening 1 3 1 G to form a portion of the surface 1 3 1 A 
of the pressurizing chamber forming unit 131. The 5 
member 131 J is contacted with the opposite surfaces of 
the pressurizing chamber 131 C and the opposite lateral 
surface f the nozzle inlet opening 131 D to form a sur- 
face 131 A and a portion of the opposite surface 131 B of 
the pressurizing chamber forming unit 131, while the 10 
member 131 K is contacted with one of the lateral sides 
of the ink buffer tank 131F and the opposite side of the 
connection opening 1 3 1 G to form one of the lateral sur- 
faces 131 A and a portion of the opposite surface 131 B 
of the pressurizing chamber forming unit 131 . 15 

On the opposite surface 131 B of the pressurizing 
chamber forming unit 131 is bonded the orifice plate 
133 by thermal pressure bonding to cover the nozzle 
inlet opening 131 D, liquid supply duct 131 E and the ink 
buffer tank 131 F. This orifice plate 133 is formed of the 20 
above-mentioned Neoflex (trade name), a product man- 
ufactured by MITSUI TOATSU KAGAKU KOGYO KK, 
superior in thermal resistance and resistance against 
chemicals, substantially 50 jim in thickness and not 
higher than 250°C in glass transition temperature. 2s 

This orifice plate 133 is formed with an emission 
nozzle 133 A of for example a circular cross-section of a 
pre-set diameter, communicating with the nozzle inlet 
opening 1310 and designed for emitting the ink sup- 
plied from the pressurizing chamber 131 C via the noz- 30 
zle inlet opening 131D. Since the orifice plate 133 
formed of Neoflex is formed with the emission nozzle 
1 33A, it can be rendered chemically stable against ink. 

The nozzle inlet opening 131D is larger in diameter 
than the emission nozzle 133 A. 35 

On the surface 131A of the pressurizing chamber 
forming unit 131 is bonded a vibration plate 132 of for 
example nickel for covering the pressurizing chamber 
131C by for example epoxy based adhesive, not shown. 

In the printer head 1 15 of the Ink jet printer* device *o 
of the instant embodiment, the pressurizing chamber 
131C is formed on a surface 131 A of the pressurizing 
chamber forming unit 131, the vibration plate 132 is 
arranged for covering the pressurizing chamber 131C 
on the surface 131 A, the layered piezo unit 135 as a pie- 4S 
zoetectric device is arranged in register with the pressu- 
rizing chamber 131C via the vibration plate 132, the 
liquid supply duct 131E for supplying the liquid to the 
pressurizing chamber 131 C is formed on the opposite 
side 131 B of the pressurizing chamber forming unit 131 , so 
and the hard member 131 H as well as the orifice plate 
133 as a resin member are arranged on this opposite 
surface 131B. The hard member 131 H is formed with 
the nozzle irriet opening 131D communicating with the 
pressurizing chamber 131 C and the orifice plate 133 is ss 
formed with the emission nozzle 133 A. That is, with the 
present Ink jet printer* head 1 1. since the liquid supply 
duct 1 31 E is formed on the opposite surface 1 31 B with 



respect to the vforation plate 132 of the pressurizing 
chamber forming unit 131, it becomes possible to pre- 
vent the liquid supply duct 131E from being stopped by 
the adhesive used in bonding the vibration plate as in 
the conventional device. Moreover, since the orifice 
plate 133 is thermally pressure-bonded to the opposite 
surface 131 B of the pressurizing chamber forming unit 
131 , there is no risk of the liquid supply duct 131 E by the 
bonding of the orifice plate 133. 

Therefore, with the printer device of the instant 
embocfiment the bonding step of the vibration plate 132 
is not complicated nor pains-taking, while the vibration 
plate 1 32 is bonded to high precision to the pressurizing 
chamber forming unit 1 31 as a base thus improving reli- 
ability of the printer device. 

The vibration plate 132 is formed with a through- 
hole 132B in register with the connection opening 131G 
of the pressurizing chamber forming unit 131. This 
through-hole 132B is fitted with an ink supply duct 137 
connected to an ink tank, not shown. Thus, the ink sup- 
plied from the ink tank via ink supply duct 137 and ink 
buffer tank 136 is charged into the pressurizing cham- 
ber 131C. 

A plate-shaped protrusion 134 is formed in register 
with the pressurizing chamber 1 3 1 C in the surface 1 32 A 
of the vibration plate 132, while the layered piezo unit 
1 35 is bonded to the protrusion 134 by an adhesive, not 
shown. The protrusion 134 is sized so as to be smaller 
than the opening surface measure of the pressurizing 
chamber 1 3 1 C and the surface 1 35A to which is bonded 
the protrusion 134 of the layered piezo unit 134. 

The layered piezo 135 has one or more piezoelec- 
tric members and one or more electrically conductive 
members alternately layered in a direction parallel to the 
surface 132A of the vforation plate 132. The number of 
times of layering of the piezoelectric members and the 
electrically conductive members is arbitrary. 

If a driving voltage is impressed across the layered 
piezo unit 135, the latter is linearly displaced in a direc- 
tion opposite to the direction indicated by arrow M1 in 
Fig.28 for raising the vibration plate 132 with the portion 
thereof formed with the protrusion 134 as center 
thereby increasing the volume of the pressurizing 
chamber 131 C. 

If the driving voltage impressed across the layered 
piezo unit 135 is removed, the latter is displaced linearly 
as indicated by arrow M1 for thrusting the protrusion 
134 for warping the vibration plate 132 for decreasing 
the volume of the pressurizing chamber 131C for 
thereby increasing the pressure in the pressurizing 
chamber 131C. Since the size of the protrusion 131 C is 
selected so as to be smaller than the opening surface 
measure of the pressurizing chamber 131C or the sur- 
face 135A of the layered piezo unit 135, the displace- 
ment of the layered piezo unit 1 35 can be transmitted in 
a concentrated fashion to the position of the vibration 
plate 132 in register with the pressurizing chamber 
131 C. 



29 



57 



EP0829 355A1 



58 



In the Ink jet printer* head 115, there are formed in 
effect a plurality of pressurizing chambers 131C, nozzle 
inlet openings 131 D, liquid supply ducts 131E and the 
emission nozzles 133 A, so that the protrusion 134 and 
the layered piezo unit 135 are provided in register with 
the respective pressurizing chambers 131C, as shown 
in Fig.29 

(1-3) Method for producing the Ink jet printer* head 

Referring to Fig.30, the method for producing the 
Inkjet printer* head 1 15 is explained. 

First as shown in Rg.30A, a resist, such as a pho- 
tosensitive dry film or a liquid resist material, is applied 
to a surface 138A of a plate 138 of stainless steel sub- 
stantially 0.1 mm thick. After pattern light exposure 
employing a mask conforming to the pressurizing cham- 
ber 131C and the connection opening 131G, a resist 
such as a photosensitive dry film or a liquid resist mate- 
rial, is applied to the opposite surface 138B of the plate 
138. A resist 139 and a resist 140 are then formed by 
pattern light exposure employing a mask patterned in 
meeting with the nozzle inlet opening 131 D, liquid sup- 
ply duct 131 E and the ink buffer tank 131 R 

Then, using the resist 139 patterned in meeting 
with the pressurizing chamber 131 C and the connection 
opening 131 G. and the resist 140 patterned in meeting 
with the nozzle inlet opening 131 D, liquid supply duct 
131E and the ink buffer tank 131 F, as masks, the plate 
1 38 is etched by being immersed for a pre-set time in an 
etching solution of for example an aqueous solution of 
ferric chloride as shown in Fig.30B for forming the pres- 
surizing chamber 131C and the connection opening 
131G in the surface 138A of the plate 138 for producing 
the pressurizing chamber forming unit 131 . At this time, 
the hard member 131 H is formed between the ink sup- 
ply duct 131 D and the ink buffer tank 131 E. 

The etching amount in this case is set so that the 
etching amount from one side of the plate 138 is slightly 
larger than one-half the thickness of the plate 1 38. If the 
plate 138 is 0.1 mm thick, the etching amount from one 
side of the plate 138 is set so as to be approximately 
0.055 mm. This improves dimensional accuracy of the 
pressurizing chamber 131 C, connection opening 131 G, 
nozzle inlet opening 131D, liquid supply duct 131E and 
the ink buffer tank 131 F to be improved while enabling 
stabilized manufacture. 

Since the etching amount from the one side of the 
plate 138 is the same, the etching condition for forming 
the pressurizing chamber 131C and the connection 
opening 131 G in the surface 138 A of the plate 138 and 

the. etching, condition fojiforrrung thejiozzje jnjet ppen^ 

ing 131D, liquid supply duct 1 31 E and the ink buffer tank 
131 F in the opposite surface 138B of the plate 138 can 
be set so as to be equal thus enabling the process 
shown in Fig.30B to be completed simply and in a 
shorter time. 

The nozzle inlet opening 1 31 D is formed so as to be 



larger than the diameter of the emission nozzle 13A so 
as not to affect pressure rise in the pressurizing cham- 
ber 131 C on pressure impression to the pressurizing 
chamber 131C. 

5 Then, as shown in Rg.30C, the resists 39. 40 are 
removed, and a resin member 141 of Neoflex, having a 
thickness of approximately 50 *im and a glass transition 
temperature of 250°C, is bonded by thermal pressure 
bonding to the opposite surface 131 B of the pressuriz- 

w ing chamber 131. In this case, the resin member141 is 
bonded by applying a pressure of the order of 20 to 30 
kgf/cm2 at a press working temperature of the order of 
230°C. This improves bonding strength of the pressuriz- 
ing chamber forming unit 1 3 1 and the resin member 141 

is and more efficient bonding. 

Since the emission nozzle 133 A is not formed in the 
resin member 141 , the bonding process can be simpli- 
fied to the extent that the high registration accuracy is 
not required in the bonding step of bonding the resin 

20 member 141 to the pressurizing chamber forming unit 
131 shown in Fig.30C. Moreover, since the resin mem- 
ber 141 is bonded to the pressurizing chamber forming 
unit 131 in the state of Rg.30C without using the adhe- 
sive, it becomes possible to prevent the adhesive from 

25 stopping the liquid supply duct 1 31 E in contradistinction 
from the conventional practice. 

Then, as shown in Fig.30D, an excimer laser is illu- 
minated from the surface 131 A of the pressurizing 
chamber forming unit 131 via pressurizing chamber 

30 1 31 C and nozzle inlet opening 131 D to the resin mem- 
ber 141 in a perpendicular direction for forming the 
emission nozzle 133 A in the resin member 141 for pro- 
ducing the orifice plate 133. Since the resin member 
141 is used, the emission nozzle 133A can be formed 

35 easily. Since the nozzle inlet opening 131D is larger in 
diameter than the emission nozzle 133 A, it becomes 
possftxe to release the registration tolerance between 
the resin member 141 and the pressurizing chamber 
forming unit 131 during laser working, while it also 

40 becomes possible to evade the risk of the laser being 
shielded by the pressurizing chamber forming unit 131 
during laser working. 

Then, as shown in Fig.30E, the vibration plate 132, 
previously formed with the protrusion 134, is bonded to 

45 the surface 131 A of the pressurizing chamber forming 
unit 131 using for example an epoxy-based adhesive. 
Since the liquid supply duct 131 E is formed in the oppo- 
site surface 131 B of the pressurizing chamber forming 
unit 131. it becomes possible to prevent the liquid sup- 
so ply duct 1 31 E from being stopped by the adhesive in the 
bonding process of the vibration plate 132. Thus it 

becomes possible to evade the increased fluid pafri 

resistance in the liquid supply duct 1 31 E caused by sop- 
ping of the adhesive to improve reliability of the present 

55 printer device. 

Since the liquid supply duct 131 E is formed on the 
opposite side surface 1 31 B of the pressurizing chamber 
forming unit 131, the latitude of selection of the adhe- 
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sive used for bonding the vibration plate 1 32 to the pres- 
surizing chamber forming unit 131 can be increased 
significantly as corrpared to that in the conventional 
practice. 

Moreover, since it suffices to take into account the s 
registration between the through-hole 1 32B of the vfora- 
tion plate 1 32 and the connection opening 1 3 1 G and the 
registration between the protrusion 134 and the layered 
piezo unit 135 on one hand and the pressurizing cham- 
ber 131c on the other hand, in bonding the vibration 10 
plate 132 to the surface 131 A of the pressurizing cham- 
ber forming unit 131 , it becomes poss&e to simplify the 
bonding step of the vibration plate 132 as conrpared to 
the conventional practice. 

Then, as shown in Fig.30F, the layered piezo unit is 
135 is bonded to the protrusion 134, using the epoxy- 
based adhesive, for example, as shown in Fig.30F. The 
layered piezo unit is then bonded to the vibration plate 
132 with the ink supply duct 137 in register with the 
through-hole 132B. This completes the Ink jet printer* 20 
head 115. 

(1 -4) Operation and effect of the first embodiment 

With the above-described Ink jet printer* head 115, 2s 
if a preset driving voltage is applied across the layered 
piezo unit 135. the latter is displaced in an opposite 
direction from the direction of arrow M1 in Fig.31. This 
raises the portion of the vibration plate 132 in register 
with the pressurizing chamber 131C in an opposite 30 
direction to the direction of arrow Ml, thus increasing 
the volume of the pressurizing chamber 131C. At this 
time, the meniscus at the forward end of the emission 
nozzle 133A is momentarily receded towards the pres- 
surizing chamber 131 C. However, once the displace- 35 
ment of the layered piezo unit 135 subsides, the 
meniscus is stabilized near the distal end of the emis- 
sion nozzle 133 A, by equilibrium with the surface ten- 
sion, and a stand-by state for ink emission is set. 

During ink emission, the driving voltage applied 40 
across the layered piezo unit 1 35 is removed, as a result 
of which the layered piezo unit 135 is displaced in the 
direction indicated by arrow M1 in Fig.31B so that the 
vforation plate 132 is displaced in a direction indicated 
by anew M1 . This decreases the volume of the pressu- 45 
rizing chamber 131 C while increasing the pressure in 
the pressurising chamber 131C as a result of which the 
ink is emitted from the emission nozzle 133 A. The time 
changes of the driving voltage impressed across the 
layered piezo unit 135 is set so that the ink can be emit- so 
ted from the emission nozzle 133A. 

Since the liquid supply duct 131 E is formed in the 
opposite surface 131 B of the pressurizing chamber 
forming unit 131 and the orifice plate 133 is bonded by 
thermal pressure bonding to the opposite surface 1 31 B ss 
of the pressurizing chamber forming unit 131 without 
using the adhesive, the liquid supply duct 1 31 E is not 
stopped up with the adhesive. Therefore, the fluid path 



resistance of the liquid supply duct 131 E can be prohib- 
ited from increasing thus enabling stable ink emission 
and achieving high reliability of the present printer 
device. 

Also, since the Ink jet printer* device 1 15 is consti- 
tuted by a layered structure of the pressurizing chamber 
forming unit 131 of stainless steel and the orifice plate 
133 of resin, the amount of deformation of the orifice 
plate 133 on pressure application to the pressurizing 
chamber 1 3 1 C can be rendered smaller than if the pres- 
surizing chamber forming unit 131 and the orifice plate 
133 are formed of a resin material thus enabling effec- 
tive and stable ink emission. Since the hard member 
131 H is formed on the lower surface of the pressurizing 
chamber 131 C, the ink can be emitted more effectively 
and stably from the emission nozzle 133 A. 

Since the amount of deformation of the orif ice plate 
133 can be reduced, the pressure in the pressurizing 
chamber 131C can be effectively and stably raised even 
if the voltage applied across the layered piezo unit 135 
is decreased, thus enabling the saving in power con- 
sumption. 

In the above-described printer head of the printer 
device of the instant embodiment, the liquid supply duct 
131E is formed in the opposite surface 1318 of the 
pressurizing chamber forming unit 131 and the orifice 
plate 1 33 is bonded by thermal pressure bonding to the 
opposite surface 131 B of the pressurizing chamber 
forming unit 131, so that, when bonding the vibration 
plate 132 to the pressurizing chamber forming unit 131 . 
the liquid supply duct 1 3 1 E can be profited from being 
stopped with the adhesive thus evading rise in the fluid 
path resistance ascrfoable to the clogging by the adhe- 
sive while simplifying the bonding process for the vibra- 
tion plate 132. This realizes an 'ink jet printer* device 
having improved reliability without complicating the 
bonding process for the vibration plate. 

(2) Second Embodiment 

In the present embodiment, corresponding to the 
fourth subject-matter of the invention, the present inven- 
tion is applied to a 'carrier jet printer* device in which a 
quantrtated amount of the ink is mixed with the dilution 
solution and the resulting mixture is emitted. 

(2-1) Structure of the 'carrier jet printer* device 

The overall structure of the 'carrier jet printer' 
device of the instant embodiment is similar to the sec- 
ond embodiment corresponding to the first subject-mat- 
ter and to the second subject-matter of the invention 
and hence is not explained specifically. That is, in the 
'carrier jet printer* device of the present embodiment, 
the 'carrier jet printer* device as later explained is used 
in place of the printer head 45 previously explained. 
Since the controller of the present embodiment is simi- 
lar to that previously explained, the corresponding 
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explanation also is not made. The driver operation as 
previously explained is carried out in the 'carrier jet 
printer* device of the instant embodiment and the driving 
voltage impressing timing is the same as previously 
explained, so that the corresponding description is 5 
again not made. 

(2-2) Structure of the 'carrier jet printer* head 

The structure of a 'carrier jet printer* head 155 is 10 
shown in Ftgs.32 and 33. 

Referring to Ftg.32, showing the 'carrier jet printer* 
head 155. a vibration plate 172 is bonded by an adhe- 
sive, not shown, to the surface 1 71 A of a plate-shaped 
pressurizing chamber forming unit 171, while a plate- is 
shaped orifice plate 1 73 is bonded to the opposite sur- 
face 1 71 B of the pressurizing chamber forming unit 171. 
Moreover, a layered piezo unit 176 and a layered piezo 
unit 177 are connected by a protrusion 174 and a pro- 
trusion 176, respectively, to the surface 172A of the 20 
vibration plate 172. The layered piezo units 176, 177 
correspond to the second piezoelectric device and to 
the f irst piezoelectric device, respectively. 

The pressurizing chamber forming unit 171 is sub- 
stantially 0.1 mm thick and is formed of stainless steel. 25 
This pressurizing chamber forming unit 171 is formed 
with a first pressurizing chamber 171H, a first nozzle 
inlet opening 1711, a second nozzle inlet opening 171J, 
a dilution solution buffer tank 171K and a connection 
opening 171L. In addition, the pressurizing chamber 30 
forming unit 171 is formed with a second pressurizing 
chamber 171 C, a second nozzle inlet opening 171D, a 
second nozzle inlet opening 171E, an ink buffer tank 
1 71 F and a connection opening 1 71 Q. 

The first pressurizing chamber 171H is formed so 35 
as to be exposed from the mid position along the thick- 
ness of the pressurizing chamber forming unit 171 
towards the surface 171 A of the pressurizing chamber 
forming unit 171. The first nozzle inlet opening 1711 is 
designed to communicate with the first pressurizing 40 
chamber 1 71 H on the lower side of the first pressurizing 
chamber 1 71 H so as to be exposed to the opposite sur- 
face 1 71 6 of the pressurizing chamber forming unit 171. 

The first liquid supply duct 1 71J is formed so as to 
be exposed from the mid position along the thickness of 45 
the pressurizing chamber forming unit 171 towards the 
opposite surface 171B of the pressurizing chamber 
forming unit 171. The first liquid supply duct 171 J com- 
municates with the first pressurizing chamber 171 H via 
opening 1 71 J1 and is kept at a pre-set distance from the so 
first nozzle inlet opening 171 1. 

The_dilution_solution_buffer. tank„171 K .communis 

cates with the first liquid supply duct 171 J so as to be 
exposed to the opposite surface 1 71 B of the pressuriz- 
ing chamber forming unit 171. Referring to Fig.33, the ss 
dilution solution buffer tank 1 71 K constitutes a sole pip- 
ing carrying a plurality of first liquid supply ducts 171J, 
that is a dilution solution buffer tank 180 which is com- 



mon to the respective first pressurizing chambers 1 71 H. 

The connecting opening 171L communicates with 
the dilution solution buffer tank 1 71 K and is adapted for 
being exposed to the surface 171 A of the pressurizing 
chamber forming unit 1 71 . 

In the pressurizing chamber forming unit 171, the 
pressurizing chamber 171H, first nozzle inlet opening 
1711, first nozzle inlet opening 1711, first liquid supply 
duct 171 J, dilution solution buffer tank 171K and the 
connection opening 171 L are formed for defining the 
hard member 171P, and members 171P, 171Q and 
171 R. The hard member 171P is contacted with the 
lower surface of the first pressurizing chamber 171C, 
one of the lateral surfaces of the first nozzle inlet open- 
ing 1711 and one of the lateral surfaces 171B of the 
pressurizing chamber forming unit 1 71 to form a portion 
of the opposite surface 1 71 B of the pressurizing cham- 
ber forming unit 731. The member 171Q is contacted 
with one of the lateral surfaces of the first pressurizing 
chamber 171C. the upper surface of the liquid supply 
duct 171 J and one of the lateral surfaces of the connec- 
tion opening 1 71 L to form a portion of the surface 1 71 A 
of the pressurizing chamber forming unit 171. The 
member 171 R is contacted with the surface of the dilu- 
tion solution buffer tank 1 71 K and with the opposite sur- 
faces of the connection opening 1 71 L to form a surface 
1 71 A and a portion of the opposite surface 1 71 B of the 
pressurizing chamber forming unit 1 71 . 

The second pressurizing chamber 171C is formed 
at a mid position in the direction of the thickness of the 
pressurizing chamber forming unit 171 so as to be 
exposed to the surface 171 A of the pressurizing cham- 
ber forming unit 171. The second nozzle inlet opening 
171D communicates with the second pressurizing 
chamber 171C on the lower side of the second pressu- 
rizing chamber 1 71 C so as to be exposed towards the 
opposite surface 171B of the pressurizing chamber 
forming unit 171. 

The second liquid supply duct 171E is formed at a 
mid position in the direction of the thickness of the pres- 
surizing chamber forming unit 171 so as to be exposed 
to the opposite surface 1 71 B of the pressurizing cham- 
ber forming unit 171. The second liquid supply duct 
171E communicates with the second pressurizing 
chamber 171C via opening 1 171E1 and is formed at a 
pre-set distance from the second nozzle inlet opening 
171D. 

The ink buffer tank 171F communicates with the 
second liquid supply duct 1 71 E and is adapted for being 
exposed to the opposite surface 171 B of the pressuriz- 
ing chamber forming unit 171. Referring to Fig.33, the 
__ink_buffer tank 1 71 Fjconstitutes_a sole piping carrying 
plural second liquid supply ducts 171E, that is an ink 
buffer tank 1 78 which is a common ink solution chamber 
common to the second pressurizing chambers 171C. 

The connection opening 171G communicates with 
the ink buffer tank 171F and is adapted for being 
exposed to the surface 171 A of the pressurizing cham- 
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ber forming unit 1171. 

In the pressurizing chamber forming unit 171, the 
second pressurizing chamber 171C, second nozzle 
inlet opening 171E, ink buffer tank 171F and the con- 
nection opening 1710 are formed for defining the hard s 
member 171M, and members 171N and 1710. The 
hard member 171M is contacted with the lower surface 
of the first pressurizing chamber 1 71 C. one of the lateral 
surfaces of the second nozzle inlet opening 171D and 
one of the lateral surfaces 1 71 B of the second liquid io 
supply duct 171E to form a portion of the opposite sur- 
face 1 71 B of the pressurizing chamber forming unit 1 71 . 
The member 171N is contacted with one of the lateral 
surfaces of the ink buffer tank 1 71 F t the upper surface of 
the second liquid supply duct 1 71 E and one of the (at- is 
eral surfaces of the connection opening 171G to form a 
portion of the surface 1 71 A of the pressurizing chamber 
forming unit 171. The member 1710 is contacted with 
the surface of the ink buffer tank 171F and with the 
opposite surfaces of the connection opening 171G to 20 
form a surface 171 A and a portion of the opposite sur- 
face 1 71 B of the pressurizing chamber forming unit 1 71 . 

There is formed a member 1 71 S surrounded by the 
opposite surface 171B of the second pressurizing 
chamber 1 71 C, the opposite surface of the second noz- 2s 
zle inlet opening 171D, the opposite lateral surface of 
the first pressurizing chamber 171H and the opposite 
lateral surface of the first nozzle inlet opening 1711 to 
from a surface 171 A and the opposite lateral surface of 
the pressurizing chamber forming unit 171. 30 

To the opposite lateral surface 171 B of the pressu- 
rizing chamber forming unit 171 is bonded an orifice 
plate 173 for covering the first nozzle inlet opening 171 1, 
the first liquid supply duct 171 J, the dilution solution 
buffer tank 1 71 K, second nozzle inlet opening 1 71 D, the 3s 
second liquid supply duct 11171E and the ink buffer 
tank 1 71 F. This orifice plate 1 73 is formed of the above- 
mentioned Neoflex with the thickness of substantially 50 
lim and with the glass transition temperature of 250°C. 

This orifice plate 173 is formed with a quantitation 40 
nozzle 173 A of a pre-set diameter communicating with 
the second nozzle inlet opening 171 D for emitting a pre- 
set quantity of the ink supplied from the second pressu- 
rizing chamber 171C via second nozzle inlet opening 
171D so that the nozz!e173A is directed obliquely 45 
towards the emission nozzle 1 73B. The orifice plate 1 73 
is also formed with an emission nozzle 173B of a pre- 
set diameter and a circular cross-section communica- 
tion with the first nozzle inlet opening 1711 for emitting 
the dilution liquid supplied from the first pressurizing so 
chamber 171 H via first nozzle inlet opening 1 71 1. Since 
the orifice plate 173 formed of Neoflex is formed with 
the quantitation nozzle 173A and the emission nozzle 
173B, chemical stability against the ink and the dilution 
liquid is assured. ss 

The second nozzle inlet opening 1 71 D and the first 
nozzle inlet opening 171 1 are formed so as to be larger 
in diameter than the quantitation nozzle 173 A or the 



emission nozzle 173B. 

On the other hand, a vibration plate 172 of for 
example nickel is bonded with for example an epoxy- 
based adhesive, not shown, to the surface 171 A of the 
pressurizing chamber forming unit 171 for covering the 
first pressurizing chamber 171H and the second pres- 
surizing chamber 171C. 

In the 'carrier jet 1 printer head of the 'carrier jet 
printer' device, the first and second pressurizing cham- 
bers 171 H and 171C are formed on one surface 171 A 
which is one surface of the pressurizing chamber form- 
ing unit 171, the vtoration plate 172 is arranged for cov- 
ering the first and second pressurizing chambers 171 H 
and 171C, while layered piezo units 177. 176 as piezo- 
electric dances are arranged in association with the first 
and second pressurizing chambers 1 71 H, 1 71 C via the 
vibration plate 172. The opposite side surface 171B 
which is the opposite surface of the pressurizing cham- 
ber forming unit 171 is formed with the first and second 
liquid supply ducts 1 71J, 1 71 E for supplying the liquid to 
the first and second pressurizing chambers 171H, 
1 71 C. On this opposite surface 1 71 B are arranged hard 
members 171P, 171M formed with the first and second 
nozzle inlet openings 1711, 171D communicating with 
the first and second pressurizing chambers 171H, 
171C, respectively, emission nozzle 173B and with the 
quantitation nozzle 173A. 

That is, with the present *carrier jet printer* printer 
head 155, since the first and second liquid supply ducts 
171 J, 171E are formed on the opposite surface 171 B 
opposite to the vibration plate 1 72 of the pressurizing 
chamber forming unit 171. the first and second liquid 
supply ducts 171 J, 171E are prevented from being 
stopped by the adhesive used for bonding the vibration 
ptate as in the conventional device. Moreover, since the 
orifice plate 1 73 is bonded by thermal pressure bonding 
to the opposite surface 1 71 B of the pressurizing cham- 
ber forming unit 171, there is no risk of the first and sec- 
ond liquid supply ducts 171 J, 171 E being stopped by 
the bonding of the orifice plate 173. 

Thus, in the present embodiment of the printer 
device, the bonding process for the vibration plate 172 
is not complicated nor rendered difficult, but the vibra- 
tion plate 172 can be bonded to high precision to the 
pressurizing chamber forming unit 171 as the base 
block, thus improving reliability of the printer device. 

In the vtoration plate 1 72, there are formed through- 
holes 172B, 172C in register with the connection open- 
ings 171G and 171 L of the pressurizing chamber form- 
ing unit 171. In these through-holes 172B, 172C are 
mounted an ink supply duct 179 and a dilution liquid 
supply duct 181 connected respectively to the ink tank 
and to a dilution liquid tank, not shown. Therefore, the 
ink supplied from the ink tank via ink buffer tank 1 78 and 
via ink supply duct 179 to the second liquid supply duct 
171E is charged into the second pressurizing chamber 
1 71 C, while the dilution liquid supplied from the dilution 
liquid tank via solution supply duct 181 and dilution liq- 
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uid buffer tank 180 to the first Rqutd supply duct 171 J is 
charged into the first pressurizing chamber 171H. 

In register with the first pressurizing chamber 1 71 H 
and the second pressurizing chamber 171C in the sur- 
face 172A of the vibration plate 172 are formed plate- s 
shaped protrusions 175 and 174, while layered piezo 
unitl 77, 1 76 are bonded to the protrusions 1 75. 1 74 with 
an adhesive, not shown. These protrusions 175. 174 
are sized to be smaller than the surfaces 1 77 A, 1 76A for 
bonding to the protrusionsl 75, 1 74 of the layered piezo io 
units 177, 1 76 or the opening areas of the first pressu- 
rizing chamber 1 71 H or the second pressurizing cham- 
ber 171C. 

The layered piezo unit 177 is made up of piezoelec- 
tric members and electrically conductive members lay- is 
ered alternately in a direction parallel to the surface 
172A of the vibration plate 172 and is bonded by an 
adhesive, not shown, to the bonding surface of the pro- 
trusion 175. The number of the piezoelectric members 
and that of the electrically conductive members are arbi- 20 
trary. 

On applying a driving voltage across the layered 
piezo unit 177, the unit 177 is displaced linearly in a 
direction opposite to the direction indicated by arrow M2 
and is raised about the bonding portion to the protrusion 2s 
175 of the vforation plate 172 as the center for i increas- 
ing the volume of the first pressurizing chamber 1 71 H. 

If the driving voltage is annulled, the layered piezo 
unit 177 is lineally displaced in a direction shown by 
arrow M2 for thrusting the protrusion 1 75 for warping 30 
the vibration plate 1 72 for decreasing the volume of the 
first pressurizing chamber 171H for thereby increasing 
the pr ssure in the first pressurizing chamber 171 H. 
Since the protrusion 1 75 is sized to be smaller than the 
surface 1 77A of the layered piezo unit 1 77 or the open- 35 
ing area of the first pressurizing chamber 171H, dis- 
placement of the layered piezo unit 177 can be 
transmitted in a concentrated manner to a position reg- 
istering with the first pressurizing chamber 171 H of the 
vtoration plate 172. 40 

The layered piezo unit 1 76 is made up of piezoelec- 
tric members and electrically conductive members alter- 
nately layered in a direction parallel to the surface 172A 
of the vibration plate 172 and is bonded with an adhe- 
sive, not shown, to the bonding surface of the protrusion 45 
174. The number of the piezoelectric members and 
electrically conductive members in the layered structure 
are arbitrary. 

When a driving voltage is applied across the lay- 
ered piezo unit 176. it is linearly displaced in a direction so 
opposite to the direction indicated by arrow M2 so as to 
be raised about the bonding portion of the protrusi on 
1 74 of the vibration plate 1 72 as the center for increas- 
ing the volume of the second pressurizing chamber 
171C. ss 

When the driving voltage is nullified, the layered 
piezo unit 176 is linearly displaced in the direction of 
arrow M2 for warping the vibration plate 172 for 
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decreasing the pressure in the second pressurising 
chamber 1 71 C for increasing the pressure therein. 

When the driving voltage applied across the layered 
piezo unit 176 is nullified, the layered piezo unit 176 is 
Bnearty displaced in a direction indicated by arrow M2 
for thrusting the protrusion 1 74 for warping the vibration 
plate 174 for decreasing the pressure in the second 
pressurizing chamber 171C for increasing the pressure 
therein. Since the protrusion 1 74 is sized to be smaller 
than the surface 176A of the layered piezo unit 176 or 
the opening area of the second pressurizing chamber 
1 71 C, displacement of the layered piezo unit 1 76 can be 
transmitted in a concentrated manner to a position reg- 
istering with the second pressurizing chamber 171C of 
the vibration plate 172. 

In the 'carrier jet printer' printer head 155, shown in 
Fig.33. plural sets each of the first pressurizing chamber 
1 71 H, first nozzle inlet openings 1 71 1, first solution sup- 
ply ducts 171 J, emission nozzles 173B, second pressu- 
rizing chambers 171C, second nozzle inlet openings 
171D , second solution supply ducts 171E and the 
quantitation nozzles 173A are formed. The protrusions 
175, layered piezo units 177, protrusions 174 and the 
layered piezo units 176 are provided in association with 
each of the first pressurizing chamber 171H and the 
second pressurizing chamber 171C. 

(2-3) Method for producing 'carrier jet* printer head 

The method tor producing a 'carrier jet printer* head 
155 is explained with reference to Fig. 34. 

Referring first to Fig.34A, a photosensitive dry fBm 
or a resist such as a liquid resist material is coated on a 
surface 182 A of a plate 182 of stainless steel approxi- 
mately 0.1 mm thick. Then, pattern light exposure is car- 
ried out using a mask patterned in meeting with the 
second pressurizing chamber 171C, connection open- 
ing 1 71 G. first pressurizing chamber 1 71 H and the con- 
nection opening 1 71 1_ while a photosensitive dry f Pm or 
a resist such as a liquid resist material is applied to the 
opposite surface 182B of the plate 182. Then, pattern 
light exposure is carried out using a mask patterned in 
meeting with the second nozzle inlet opening 171D, 
second liquid supply duct 171E, ink buffer tank 171F, 
first nozzle inlet opening 1711, first liquid supply duct 
1 71 J and the dilution liquid buffer tank 1 71 K for forming 
resists 183, 184. 

Then, as shown in Fig.34B, the plate 182 is etched 
by immersing it in an etching solution comprised of for 
example an aqueous solution of ferrous chloride for 
forming the second pressurizing chamber 171C, con- 
nec tion opening 171C. f jr^pfe^rizLng^hamn^r J 7JJ± 
and the connection opening 1 71 L in the surface 182A of 
the plate 182. The second nozzle inlet opening 171D, 
second liquid supply duct 171 E, ink buffer tank 171F, 
first nozzle inlet opening 1711, first liquid supply duct 
1 71 J and the dilution liquid buffer tank 1 71 K are formed 
in the opposite surface 1 82B if the plate 182 for forming 
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the pressurizing chamber forming unit 1 71 . At this time, 
the hard member 171P is formed between the first noz- 
zle inlet opening 1711 and the dilution liquid buffer tank 
171 J while the hard member 171M is formed between 
the second nozzle inlet opening 1 71 D and the ink buffer 5 
tank171E. 

The etching quantity is selected so that the etching 
amount from the sole side of the plate 182 will be 
approximately slightly larger than one-half the thickness 
of the plate 1 82. rf, for example, the plate material 1 82 is io 
selected to be 0.1 mm, the etching amount is selected 
from one surface of the plate material will be approxi- 
mately 0.55 mm. This improves dimensional accuracy 
of the first pressurizing chamber 17H, connection port 
1 1 71 U first nozzle inlet port 1711, first liquid supply duct 75 
1 71J, dilution solution buffer tank 1 71 K, second pressu- 
rizing chamber 171C, connection port 171G, second 
nozzle inlet opening 171D, second liquid supply duct 
171 E an the ink buffer tank 171 R to enable these com- 
ponents to be produced in stability. 20 

Since the etching amount from the one side of the 
plate material 182 is the same, the etching condition for 
forming the first pressurizing chamber 171H, connec- 
tion port 171U second pressurizing chamber 171C and 
the connection port 171G on one surface side 182A of 2s 
the plate material 182 can be set so as to be the same 
as the etching conditions for forming the first nozzle inlet 
opening 1 71 1, first liquid supply duct 1 71J, dilution liquid 
buffer tank 171 K, second nozzle inlet opening 171D, 
second liquid supply duct 1 71 E and the ink buffer tank 30 
171F, thus enabling the process of Fig.34B to be per- 
formed easily in a short time. 

The first nozzle inlet opening 171 1 and the second 
nozzle inlet opening 1 71 D are set so as to be larger in 
diameter than the emission nozzle 1 73 B or the quantita- 35 
tion nozzle 1 73A so as not to affect pressure increase in 
the first pressurizing chamber 171H or in the second 
pressurizing chamber 171C on pressure application on 
the first pressurizing chamber 171H or on the second 
pressurizing chamber 171 C. 40 

Then, as shown in Fig.34C, the resists 1 83, 1 84 are 
removed, after which a resin member 185 of Neoflex 
with a thickness of approximately 50 11m and with a 
glass transition temperature of 250°C is bonded by heat 
pressure bonding to the opposite surface 1 71 B of the 45 
pressurizing chamber forming unit 171. In this case, 
bonding is by applying a pressure of the order of 20 to 
30 kgf/cm2 at a press-working temperature of the order 
of 230°C. This increases bonding strength of the pres- 
surizing chamber forming unit 171 to the resin member so 
185 while enabling efficient bonding. 

Since the quantitation nozzle 1 73B or the emission 
nozzle 1 73b is not formed in the resin member 1 85, high 
position matching precision is not required in the bond- 
ing step of bonding the resin member 1 85 to the pressu- ss 
rizing chamber forming unit 171, thus correspondingly 
simplifying the bonding process. Moreover, since the 
resin member 185 is bonded to the pressurizing cham- 



ber forming unit 171 in the state of Fig.34C without 
using an adhesive, it becomes poss&ie to prevent the 
first liquid supply duct 171J or the second liquid supply 
duct 171 E from being stopped with an adhesive as 
occurred previously. 

Then, as shown in Ftg.30D, an exdmer laser light 
beam is illuminated on the resin member 185 from one 
surface 171 A of the pressurizing chamber forming unit 
171 via the first pressurizing chamber 171 Hand the first 
nozzle inlet opening 1711 in a perpendicular direction, 
so that an emission nozzle 173B is formed in the resin 
member 185. Moreover, the exdmer laser is illuminated 
obliquely to the resin member 185 from one side 171 A 
of the pressurizing chamber forming unit 171 and the 
second nozzle inlet opening 1 71 0 towards the quantita- 
tion nozzle 11 73 A for forming the quantitation nozzle 
1 73 A in the resin member 185 for producing the orifice 
plate 173. 

Since the resin member 185 is used, the quantita- 
tion nozzle 173A and the emission nozzle 173B can be 
formed easily. Since the first nozzle inlet opening 1731 
and the second nozzle inlet opening 171 D are larger in 
diameter than the emission nozzle 1 73B and the quan- 
titation nozzle 173 A, respectively, position matching tol- 
erance for registration between the resin member 185 
and the pressurizing chamber forming unit 171 during 
laser working can be softened while the risk of the laser 
light being shielded by the pressurizing chamber form- 
ing unit 171 during laser working may be evaded. 

Then, as shown in Fig.34E, the vibration plate 172 
pre-formed with protrusions 174. 175 is bonded to the 
surface 171 A of the pressurizing chamber forming unit 
171 using an epoxy -based adhesive. In this case, since 
the first liquid supply duct 171 J and the second liquid 
supply duct 171E are formed in the opposite surface 
171B of the pressurizing chamber forming unit 171, it 
becomes possible to prevent the first liquid supply duct 
1 71J and the second liquid supply duct 171 E from being 
stopped with an adhesive during the bonding process of 
the vibration plate 172. Therefore, it becomes posstole 
to prevent liquid flow path resistance from rising in the 
first liquid supply duct 1 71 J and the second liquid supply 
duct 1 71 E due to clogging by the adhesive thus improv- 
ing reliability of the present embodiment of the printer 
device. 

Moreover, since the first liquid supply duct 1 71J and 
the second liquid supply duct 171E are formed in the 
opposite surface 171B of the pressurizing chamber 
forming unit 171, it becomes possible to widen the 
range of selection of the adhesive used for bonding the 
vibration plate 172 to the pressurizing chamber forming 
unit 171. 

In bonding the vibration plate 172 to one side 171 A 
of the pressurizing chamber forming unit 171 , it suffices 
to take into account the registration between the 
through-hole 172B and the connection opening 1 y\G of 
the vibration plate 172, the registration between the 
through-hole 172C and the connection opening 171L 
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the registration between the protrusion 174 and the lay- 
ered piezo unit 1 76 and the registration between the lay- 
ered piezo unit 177 and the first pressurizing chamber 
171H, thus simplifying the bonding process for the 
vibration plate 172. 

Then, as shown in Rg.34F, the protrusions 174, 
175 are bonded to the layered piezo units 176, 177, 
using an epoxy-based adhesive, after which the ink sup- 
ply duct 179 and the dilution solution supply duct 181 
are placed in register with the through-holes 172B, 
172C of the vfcration plate 172 and bonded in this state 
to the vforation plate 1 72. This increases the volume of 
the 'carrier jet printer* print head 1H. 

(2-4) Operation and Effect of the Second embodiment 

In the above structure, if a pre-set driving voltage is 
impressed across the layered piezo units 176, 177 as 
shown in Rg.35A, the layered piezo units 176, 177 are 
displaced n an opposite direction to that shown by arrow 
M2. Since this raises the portions of the vforation plate 
1 72 in register with the second pressurizing chamber 
171C and the first pressurizing chamber 171H in a 
direction opposite to that shown by arrow M2, the vol- 
ume in the second pressurizing chamber 171C and in 
the first pressurizing chamber 171H is increased. 

If the volume in the second pressurizing chamber 
171C and the first pressurizing chamber 171H is 
increased, the meniscus in the quantitation nozzle 1 73A 
and in the emission nozzle 1 73B is receded momentar- 
ily towards the second pressurizing chamber 171C and 
the first pressurizing chamber 1 71 H. However, if the dis- 
placement of the layered piezo units 1 76, 1 77 subsides, 
the meniscus is stabilized in the vicinity of the distal 
ends of the quantitation nozzle 173A and the emission 
nozzle 173B by equilibrium with the surface tension. 

During ink quantitation, the driving voltage applied 
across the layered piezo unit 176 is released, as a result 
of which the layered piezo unit 176 is displaced in a 
direction indicated by arrow M2 thus displacing the 
vibration plate 172 in the direction indicated by arrow 
M2. This decreases the pressure in the second pressu- 
rizing chamber 171C, while increasing the pressure in 
the second pressurizing chamber 171C. 

Since time changes of the driving voltage applied 
across the layered piezo unit 176 are moderately set so 
that there is no risk of the ink flying from the quantitation 
nozzle 173A, the ink is extruded from the quantitation 
nozzle 173A without making flight. 

Since the voltage value when the driving voltage 
applied across the layered piezo unit 1 76 is annulled is 
set to a value corresponding to the gradation of the pic- 
ture data; trfe ink volume ^ extruded from the distal end of 
the quantitation nozzle 173A is a volume corresponding 
to the image data. 

The ink extruded from the quantitation nozzle 1 73A 
is contacted and mixed with the dilution solution forming 
the meniscus in the vicinity of the distal end of the emis- 



sion nozzle 173B. 

During ink emission, the driving voltage applied 
across the layered piezo unit 1 77 is annulled, as a result 
of which the layered piezo unit 177 is displaced in a 

5 direction indicated by arrow M2 as shown in Fig.35C for 
displacing the vforation plate 172 in the direction indi- 
cated by arrow M2. This decreases the volume in the 
first pressurizing chamber 171H to increase the pres- 
sure therein, as a result of which the mixed solution hav- 

10 ing ink concentration corresponding to the image data is 
emitted from the emission nozzle 1 73B. ft is noted that 
time changes of the driving voltage applied across the 
layered piezo unit 1 77 is set to permit the mixed solution 
to be emitted via emission nozzle 1 73B. 

is Since the second liquid supply duct 171 E and the 
first liquid supply duct 171J are formed in the opposite 
surface 1 71 B of the pressurizing chamber forming unit 
1 71 and the orifice plate 1 73 is bonded by thermal pres- 
sure bonding to the opposite surface 173B of the sdu- 

20 tion chamber forming member 73, there is no risk of the 
second liquid supply duct 1 71 E or the first liquid supply 
duct 171J being stopped by the adhesive. 

Thus, the fluid path resistance of the second liquid 
supply duct 171E and the first liquid supply duct 171 J 

25 may be prevented from rising, so that the mixed solution 
having an ink concentration in meeting with the picture 
data can be stably emitted thus realizing high reliability 
of the present embodiment of the printer device. 

Moreover, since the 'carrier jet printer' print head 

30 1 55 is formed by a layered structure of a pressurizing 
chamber forming unit 171 of a stainless steel plate and 
the orifice plate 1 73 of synthetic resin, the amount of 
deformation of the orifice plate 1 73 on pressure applica- 
tion to the first pressurizing chamber 171H and to the 

35 second pressurizing chamber 171C can be made 
smaller than that if the pressurizing chamber forming 
unit 1 71 and the orifice plate 1 73 are formed of a resin 
material. Consequently, the ink can be stably extruded 
effectively and stably from the quantitation nozzle 173 A 

40 in an amount corresponding to the picture data, while 
the mixed solution can be effectively and stably emitted 
from the emission nozzle 1 73B at a concentration corre- 
sponding to the picture data. 

Since the hard members 1 71 P, 1 71 M are formed on 

45 the lower surfaces of the first pressurizing chamber 
171H and the second pressurizing chamber 171C, the 
ink can be more effectively and stably extruded from the 
quantitation nozzle 1 73A in an amount corresponding to 
the picture data, while the mixed solution can be more 

so effectively and stably emitted from the emission nozzle 
1 73B at a concentration corresponding to the picture 
data. 

In additioa-since the amount of deformation of-the - 

orifice plate 1 73 can be reduced, the pressure within the 

55 second pressurizing chamber 171C and in the first 
pressurizing chamber 171 H can be effectively and sta- 
bly increased even rf the voltage applied across the lay- 
ered piezo units 1 76, 1 77 is reduced, with the result that 
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the power consumption can be reduced. 

In the above-descrfoed structure of the print head of 
the present embodiment of the printer device, in which 
the first l.quid supply duct 171 J and the second liquid 
supply duct 171 E are formed on the opposite surface s 
1 71 B of the pressurizing chamber forming unit 1 71 , and 
the orifice plate 173 is affixed by thermal pressure bond* 
ing to the opposite side 171 B of the pressurizing cham- 
ber forming unit 171, the first liquid supply duct 171 J 
and the second liquid supply duct 171E can be pre- 
vented from being stopped with the adhesive used at 
the time of bonding the vibration plate 172 to the pres- 
surizing chamber forming unit 171, thus evading 
increased flow path resistance in the first liquid supply 
duct 1 71 J and in the second liquid supply duct 1 71 E by 
the clogged adhesive. Moreover, the adhesion process 
of the vibration plate 1 72 can be simplified thus realizing 
high reliability 'carrier jet printer* device without compli- 
cating the bonding process of the vforation plate. 

(3) Other Embodiment 

In the above-described first embodiment the Ink jet 
printer* head 115 employing an orifice plate 133 formed 
of Neoflex of a glass transition temperature of 250°C is 
used. The present invention is not limited to this partic- 
ular embodiment and an Ink jet printer* head 1 90 shown 
in Fig.36 showing the corresponding parts to Fig.28 by 
the same reference numerals may be used as an 'ink jet 
printer' head for realization of the effect similar to that of 30 
the above-described first embodiment. 

In this Inkjet printer' head 190, an orifice plate 191 
shown in Fig.37 in place of the orifice plate 13 may also 
be employed. 

The orifice plate 191 is formed by second resin 1 92 as 
on one surface of which is coated first resin 193. The 
second resin is formed of Capton (trade name) by 
DuPont having a thickness of approximately 125 pm 
and the glass transition temperature of 250°C or more, 
while the first resin is formed of Neoflex having a thick- 40 
ness of approximately 7 \im and the glass transition 
temperature of 250°C or lower. In this Ink jet printer* 
head 190, an emission nozzle 191 A communicating 
with the nozzle inlet opening 131D is formed in the ori- 
fice plate 191. 45 

Thus, in the present Ink jet printer* head 190, hav- 
ing the above-mentioned effect of the first embodiment 
the orifice plate 191 is thicker in thickness than the ori- 
fice plate 133, the orifice plate 191 can be increased in 
strength as compared to that used in the Ink jet printer* so 
head 115. 

This Inkjet printer' head 190 can be manufactured 
by a method conforming to the manufacturing method 
shown in Fig. 30. 

In the above-described first embodiment, there is ss 
described the Ink jet printer* head 115 in which pres- 
sure is impressed to the pressurizing chamber 131C 
using the layered piezo unit 135. The present invention. 



however, is not limited to this specified structure. That 
is, the effect similar to that of the above-described first 
embocfiment can be realized using an Ink jet printer* 
head 200 showing corresponding parts to Fig,28 by the 
same reference numerals, as shown in Rgs.38 and 39. 
Meanwhile, Fig.38 shows the cross-section along sev- 
ering line A-A' in Rg.39. 

In this Inkjet printer" head 200. a vforation plate 201 
is formed at a position corresponding to that of the pres- 
surizing chamber 1 31 C of the vibration plate 132, while 
a plate-shaped piezoelectric device 202 is layered on 
the vibration plate 201 . 

The direction of polarization and voltage application 
for the piezoelectric device 202 is set so that, when a 
voltage is applied across the piezoelectric device 202, 
the piezoelectric device 202 is contracted in the in-plane 
direction of the vtoration plate 201 so as to be flexed in 
a direction of arrow M2. 

Thus, if, in the present Ink jet printer* device 200, 
the driving voltage is impressed across the piezoelectric 
device 202, the piezoelectric device is flexed from the 
initial state shown in Fig.40A as shown by arrow Ml in 
Fig.40B for thrusting and thereby warping the vibration 
plate 201 . The reduces the volume in the pressurizing 
chamber 131C to raise the pressure therein to emit the 
ink from the emission nozzle 133 A. In this case, time 
changes of the driving voltage across the piezoelectric 
device 202 are selected to a voltage waveform capable 
of emitting the ink via the emission nozzle 133A. 

In the case of the present 'ink jet printer* head 200. 
the vibration plate 201 is sized so as to be just large 
enough to cover the pressurizing chamber 131 C, thus 
simplifying the bonding step of bonding the piezoelectric 
device 202 carrying the vibration plate 201 bonded 
thereto to the vtoration plate 1 32 as compared to that of 
the first embodiment. If, in the first embodiment vibra- 
tion plate 132 is sized so as to be just large enough to 
cover the pressurizing chamber 131C, the bonding step 
of bonding the piezoelectric device 202 carrying the 
vibration plate 201 bonded thereto to the vibration plate 
132 can be simplified further. 

In addition, in the Inkjet printer' head 200, since the 
liquid supply duct 131 E is formed in the opposite sur- 
face 131 B of the pressurizing chamber forming unit 131 , 
as described above, the range of possible selection of 
the adhesive used for bonding the piezoelectric device 
202 carrying the vtoration plate 201 bonded thereto can 
be significance increased as compared to that in the 
conventional practice, thus preventing thermal deterio- 
ration of the piezoelectric device 202 or warping due to 
non-coincidence of thermal expansion coefficient and 
consequent destruction of the piezoelectric device 202. 

In the present Ink jet printer* head 200, the above- 
mentioned orifice plate 191 may also be used instead of 
the orifice plate 133 for realizing the similar effect 

In the above-described first embodiment, an Ink jet 
printer' head 115 is used. However, the present inven- 
tion s not limited to this specified embodiment That is, 
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an Ink jet printer" head 210 shown in Fig.41 , in which 
corresponding parts to those of Rg.28 are denoted by 
the same reference numerate, can also be used for real- 
izing the effect comparable to that of the above- 
described first embodiment. 

In the Ink jet printer* head 210. a pressurizing 
chamber 211 A. a nozzle inlet opening 21 1B, a liquid 
supply duct 21 1C. an ink buffer tank 21 1 D. a connection 
port 21 1E and a communication opening 21 1F for 
establishing communication between the pressurizing 
chamber 211 A and the liquid supply duct 21 1C are 
formed by injection molding in a pressurizing chamber 
forming unit 211 formed of polyether imide with a thick- 
ness of approximately 0.4 mm. 

The pressurizing chamber 21 1 A is formed at a pre- 
set depth from a side 21 1 G of the pressurizing chamber 
forming unit 2 1 1 so as to be exposed towards a side 2 1 1 
G of the pressurizing chamber forming unit 21 1, while 
the nozzle inlet opening 21 1B is formed in the lower 
side of the pressurizing chamber 21 1 A so as to commu- 
nicate with the pressurizing chamber 21 1 A and so as to 
be exposed towards the opposite surface 211H of the 
pressurizing chamber forming unit 211. 

The liquid supply duct 21 1C is formed at a pre-set 
depth from the opposite side 21 1H of the pressurizing 
chamber forming unit 211 so as to be exposed towards 
the opposite surface 21 1 H of the pressurizing chamber 
forming unit 211. 

The ink buffer tank 21 ID is formed to a pre-set 
depth from the opposite surface 21 1H of the pressuriz- 
ing chamber forming unit 211 so as to communicate 
with the liquid supply duct 21 1C and so as to be 
exposed to the opposite surface 21 1H of the pressuriz- 
ing chamber forming unit 211. The connection opening 
21 1 E is formed so as to communicate with the ink buffer 
tank 21 1 D and so as to be exposed to the surface 21 1G 
of the pressurizing chamber forming unit 211. The com- 
munication opening 21 1F is formed for establishing 
communication between the pressurizing chamber 
21 1 A and the liquid supply duct 21 1 C. 

In the Ink jet printer* head 210. comprised of a lay- 
ered structure of the pressurizing chamber forming unit 
21 1 of polyether imide with a thickness of approximately 
0.4 mm and the orifice plate 133. the portion between 
the nozzle inlet opening 21 1 B and the liquid supply duct 
21 1C of the pressurizing chamber forming unit 211 
operates as a hard member, in distinction from the case 
of using the pressurizing chamber forming unit of poly- 
ether imide with the same thickness as in the first 
embodiment (0.1 mm) thus reducing the amount of 
deformation of the orifice plate 133 on pressure applica- 
tion _to the enabling 
the ink to be emitted effectively and stably from the 
emission nozzle 133 A. 

Since the amount of deformation of the orifice plate 
133 can be reduced as compared to the case of using 
the pressurizing chamber forming unit of polyether 
imide of the same thickness (0.1 mm) as in the first 



embodiment the pressure in the pressurizing chamber 
21 1 A can be effectively and stably increased even if the 
voltage applied across the layered piezo unit 135 is 
reduced, thus reducing the power consumption. 

5 The piezoelectric device 202 layered on the vibra- 
tion plate 201 can also be used in the Ink jet printer* 
device 20 in place of the layered piezo unit 135. 

In addition, in the present Inkjet printer' head 210, 
the orifice plate 191 can be used in place of the orifice 

io plate 133 for realizing the effect comparable to the 
above-mentioned effect 

The manufacturing method of the Ink jet printer* 
head 210 is explained with reference to Rg.42 in which 
parts or components corresponding to those shown in 

is Rg.30 are denoted by the same reference numerals. 

First as shown in Fig.42A, the pressurizing cham- 
ber forming unit 211 having the pressurizing chamber 
211 A, nozzle inlet opening 21 1B, liquid supply duct 
211C, ink buffer tank 211 D, connection port 211E and 

20 the communication opening 21 1 F is formed by injection 
molding, using a resin material formed of polyether 
imide. 

Since the resin material used is polyether imide, the 
shape conforming to the pressurizing chamber 211 A, 

2S nozzle inlet opening 21 1 B, liquid supply duct 21 1 C, ink 
buffer tank 21 1 D, connection port 21 1 E and the commu- 
nication opening 21 1F can be imparted to the resin 
material to high accuracy thus improving dimensional 
accuracy of each chamber and each opening. 

30 The subsequent steps of bonding the resin member 
141 shown in Fig. 42 B to the opposite surface 211H of 
the pressurizing chamber forming unit 211, forming the 
emission nozzle 133A on the resin member 141 shown 
in Fig.42C to form the orifice plate 133, bonding the 

35 vibration plate 132 shown in Ftg.42D and bonding the 
layered piezo unit 135 and the ink supply duct 137 
shown in Fig.42E may be carried out as the steps 
shown in Rg.30. 

The above gives the Inkjet printer' head 210. 

40 The following method may be envisaged as the 
manufacturing method of the 'ink jet printer* head 210. 
Reference is had to Fig. 43 in which parts or compo- 
nents corresponding to those shown in Fig.42 are 
denoted by the same reference numerals. 

45 First as shown in Fig. 43 A, the pressurizing cham- 
ber 211 A, liquid supply duct 21 1C and the ink buffer 
tank 21 1 D are formed in the resin material 21 2 of poly- 
ether imide having a thickness of approximately 0.4 
mm. A connection opening 21 1E1, as a blind hole, and 

so a communication opening 211F1, similarly as a blind 
hole, are formed by injection molding in the ink buffer 
tank 2110 and in the liquid supply duct 21 1 C. respec- 

tively. 

Then, as shown n Fig.43B, the nozzle inlet opening 

55 21 1 B is formed via pressurizing chamber 21 1 A from the 
surface 212A of the resin material 212, by pre-set 
punching means. Similarly, the connection opening 
21 1 E1 and the ink buffer tank 21 1D are perforated for 
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forming the connection opening 21 1E via connection 
opening 211 E1 from the surface 21 2A of the resin mate- 
rial 212 using pre-set punching means. The pressuriz- 
ing chamber 211A and the ink supply duct 111D are 
perforated from the surface 21 2A of the resin material s 
212 via communication opening 211F1 by pre-set 
punching means to form the communication opening 
21 1F for producing the pressurizing chamber forming 
unit 211. 

The subsequent steps of bonding the resin member 10 
141 shown in Fig. 42 B to the opposite surface 21 1H of 
the pressurizing chamber forming unit 21 1 , and forming 
the emission nozzle 133A on the resin member 141 
shown in Fig.42C to form the orifice plate 133 are simi- 
lar to those shown in Rgs.30C and 30D. The steps of is 
bonding the vibration plate 132, layered piezo unit 135 
and the ink supply duct 137 may be carried out as 
shown in Figs.30E and 30F and are not shown specifi- 
cally. 

The above gives the Ink jet printer* head 210. 20 
When the nozzle inlet opening 211b is formed, 
burrs 21 1 B1 are formed on the bonding side of the resin 
member 141to the nozzle inlet opening 21 1B, as shown 
in Fig.43B. 

Thus, if the resin member 141 is bonded to the 2s 
opposite surface 21 1H of the pressurizing chamber 
forming unit 21 1 at the step shown in Fig.43C, the burrs 
21 1 B1 bite into the resin member 141. thus preventing 
ink leakage and pressure leakage for significantly 
improving reliability of the Ink jet printer* head 210. 30 

Also, the gap between the pressurizing chambers 
21 1 A can be narrowed to increase the pitch density of 
the emission nozzles 133 A. 

Although the above-described first embodiment is 
directed to the manufacture of the Ink jet printer* head 35 
115 by the manufacturing steps shown in Fig.30 ( the 
present invention is not limited thereto since the ink jet 
printer head 1 15 may be manufactured using the manu- 
facturing steps shown in Fig.44 in which the corre- 
spond ng parts to Fig.30 are denoted by the same 40 
reference numerals. 

That is. referring to Fig.44A, a resist, such as a pho- 
tosensitive dry film or a liquid resist material, is coated 
on the surface 138 A of the plate material 138 formed of 
stainless steel, and pattern light exposure is then car- 45 
ried out using a mask having a pattern corresponding to 
the pressurizing chamber and the connection opening. 
On the other hand, a resist such as a photosensitive dry 
film or a liquid resist material, is coated on the opposite 
surface 138B of the plate material 138 formed of stain- so 
less steel, and pattern light exposure is then carried out 
using a mask having a pattern corresponding to the liq- 
uid supply duct and the ink buffer tank to form resists 
139, 213. 

Then, as shown in Rg.44B, the plate 138 is ss 
immersed in an etching solution of, for example, an 
aqueous solution of ferric chloride, using a resist 139 
having a pattern conforming to the pressurizing cham- 



ber and the connection opening and a resist 213 having 
a pattern conforming to the liquid supply duct and the 
ink buffer tank as mask for forming the pressurizing 
chamber 21 4A and the connection opening 21 4B in the 
surface 138 A of the plate 138, while forming the liquid 
supply duct 214C and an ink buffer tank 214D on the 
opposite surface 138A of the plate 138. 

The etching amount is selected so that the etching 
amount from one surface of the plate 138 will be approx- 
imately oneAhird the thicfoiess of the plate 138. There- 
fore, the pressurizing chamber 214A and the liquid 
supply duct 214C are not in communication with each 
other, while the ink buffer tank 21 4D and the connection 
opening 21 4B are not in communication with each 
other. 

The resists 139, 213 are then removed, after which 
a nozzle inlet opening 21 4£ is formed from the surface 
138A of the plate 138 via pressurizing chamber 214A 
using pre-set punching means for forming a nozzle inlet 
opening 21 4E, as shown in Fig.44C. Then, using pre- 
set punching means, the connection opening 21 4B and 
the ink buffer tank 21 4D are perforated from the surface 
138 A of the plate 138 via connection opening 21 4B. " 
Then, a through-hole 114C1 is bored for establishing^ 
communication between the pressurizing chamber v 
214A and the liquid supply duct 214C via pressurizing 1 
chamber 21 4 A from the side 138 A of the plate 138 
using pre-set punching means for forming the pressuriz- 
ing chamber forming unit 214. 

When the nozzle inlet opening 21 1E is formed, : 
burrs 214E1 are formed on the bonding side of the resin ' e 
member 141 to the nozzle inlet opening 214E, as shown 
in Fig.45, thus realizing the effect similar to that 
descrfoed previously. 

The subsequent steps of bonding the resin 
member141 shown in Fig.440 to the pressurizing 
chamber forming unit 214 and forming the nozzle 133 A 
in the resin member 141 shown in Fig.44E to form the 
orifice plate 1 33 may be carried out in the same manner 
as in Fig.30C and 30D. The bonding step of the vibra- 
tion plate 132 and the bonding step of the layered piezo 
unit 1 35 and the ink supply duct 1 37 are similar to those 
explained with reference to Figs.30E and 30F and cor- 
responding drawings are omitted tor simplicity. 

With the above-described manufacturing method, 
the pressurizing chamber forming unit 214 is formed 
using both the etching step and the punching step, the 
depth of the pressurizing chamber 21 4 A and that of the 
liquid supply duct 214C can be selected freely as com- 
pared to the case of the manufacturing method shown 
in Fig.30, thus significantly improving the designing 
freedom. 

Also, the manufacturing method shown in Fig.44 
can be applied to Inkjet printer head 190 and 200. 

In the first embodiment, described above, the etch- 
ing amount in the etching process of Fig.30B is selected 
to be slightly larger than the thickness of the late 138. 
However, the present invention is not limited to this 
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specified embodiment That is. the etching amount in 
the etching process of Rg.30B of immersing the surface 
138A and the opposite surface 138B of the plate 138 
can be varied for producing the pressurizing chamber 
forming unit 221 formed with the pressurizing chamber 5 
221 A. connection opening 121 B, liquid supply duct 
221 C, ink buffer tank 221 A and the nozzle inlet opening 
221 E, as shown in Hg.46 showing corresponding parts 
to Fig.30 using the same reference numerals. In this 
case, the pressurizing chamber 221 A and the liquid w 
supply duct 221 C communicate with each other via 
opening 221 C1. 

By varying the etching amount for reducing the 
depth of the liquid supply duct 221 C, the flow path 
resistance of the liquid supply duct 221 C can be is 
increased to render it possible to reduce the driving volt- 
age impressed across the layered piezo unit 135. 

In the second embodiment descrfeed above, the 
'carrier jet printer* head 155 employing the orifice plate 
1 73 formed of Neoflex having a glass transition temper- 20 
ature of 250°C or less is used. The present invention, 
however, is not limited to this embodiment For example, 
a 'carrier jet printer' head 230 shown in Fig.47 in which 
corresponding parts to those of Fig.32 are denoted by 
the same reference numerals may also be used for real- 25 
izing the same results as those of the second embodi- 
ment described above. 

This 'carrier jet printer* head 230 employs an orifice 
plate 231 shown in Fig.48 in place of the orifice plate 
173. 30 

The orifice plate 231 is comprised of a first resin 
233 of Neoflex having a thickness of approximately 7 
lim and a glass transition temperature of 250°C or less 
coated on a surface of a second resin 232 formed f Cap- 
ton (trade name of a product manufactured by Du Pont). 35 
With this carrier jet printer' head 230, a quantitation 
nozzle 231 A and an emission nozzle 231 B are formed 
in the orifice plate 231 . 

Thus, with the 'carrier jet printer' head 230, since 
the orifice plate 231 is thicker in thickness than the ori- 40 
fice plate 173, the orifice plate 231 can be increased in 
strength as compared to the orifice plate of the 'carrier 
jet printer' head 155. 

With the use of the orifice plate 231 in the 'carrier jet 
printer* head 230, the tilt angle of the quantitation nozzle 45 
may be increased in tolerance, while the separation 
between the second pressurizing chamber 171C and 
the first pressurizing chamber 171H can be increased 
easily thus reliably preventing ink leakage and dilution 
solution leakage from occurring. so 

In the above-described second embodiment the 
'carrier jet printer' head 155 is such printer head in 
"which pressure is appliedlo the firsfpressurizingcham- 
ber 171H and the second pressurizing chamber 171C 
using the layered piezo units 176, 177. The present 55 
invention, however, is not limited to this embodiment 
and the effect simitar to that of the above-described sec- 
ond embodiment may be realized using a 'carrier jet 



printer* head 240 shown n Figs.49 and 50 in which like 
components are depicted by the same reference 
numerals as in Fig.32. 

In the present 'carrier jet printer* head 240, the 
vibration plates 241, 242 are bonded on the surface 
1 72 A of the vibration plate 1 72 in register with the sec- 
ond pressurizing chamber 171C and the first pressuriz- 
ing chamber 171H, and plate-shaped piezoelectric 
devices 243, 244 are layered on the vibration plates 
241,242. 

The direction of polarization and voltage impression 
of the piezoelectric devices 243, 244 are set so that, 
when the voltage is impressed across the piezoelectric 
devices 243. 244, these piezoelectric devices are con- 
tracted in the in-plane direction of the vibration plates 
241 , 242 so as to be flexed in the direction indicated by 
arrow M2. 

In effect, in the emission stand-by state of the 'car- 
rier jet printer' head 240. as shewn in Fig. 51 A, no driv- 
ing voltage is applied across the piezoelectric devices 
243, 244, and the meniscus of the ink and that of the 
dilution solution are formed at the positions of equilib- 
rium with the surface tension, that is in the vicinity of dis- 
tal ends of the quantitation nozzle 173A and the 
emission nozzle 173B. 

During ink quantitation, a driving voltage is 
impressed across the piezoelectric device 243. This 
causes the piezoelectric device 243 to be flexed in the 
direction of arrow mark M2 as shown in Fig.51B to 
cause the portion of the vibration plate 1 72 in register 
with the second pressurizing chamber 171C to be 
warped so that the second pressurizing chamber 171C 
is decreased in volume to raise the pressure in the sec- 
ond pressurizing chamber 171C. 

Since the voltage value of the voltage applied 
across the piezoelectric device 243 is set to value corre- 
sponding to the gradation of picture data, the amount of 
the ink extruded from the distal end of the quantitation 
nozzle 173A corresponds to the picture data. 

The ink thus extruded from the quantitation nozzle 
173A is contacted and mixed with the dilution liquid 
forming the meniscus in the vicinity of the distal end of 
the emission nozzle 1 73B. 

During the ink emission, a driving voltage is 
impressed across the piezoelectric device 244. This 
causes the piezoelectric device 2444 to be flexed in the 
direction of arrow M2 as shown in Fig.51C to cause the 
portion of the vibration plate 1 72 in register with the first 
pressurizing chamber 171H to be warped as shown by 
arrow M2 as a result of which the first pressurizing 
chamber 1 71 H in decreased in volume to raise the pres- 
sure in the first pressurizing chamber 171H to emit the 
~mixed solutionThaving an ink concentration correspond- 
ing to the picture data from the emission nozzle 1 73B. 

In this case, time changes of the driving voltage 
across the piezoelectric device 202 are selected so as 
to be capable of emitting the ink via the emission nozzle 
133 A. 
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in the case of the present Ink jet printer* head 240, 
the vibration plates 241, 242 are sized so as to be just 
large enough to cover the second pressurizing chamber 
1 71 C and the first pressurizing chamber 1 71 H, thus fur- 
ther simplifying the bonding step of bonding the ptezoe- s 
lectric devices 243, 244 carrying the vtoration plates 
241, 242 bonded thereto to the vibration plate 172 as 
compared to that of the second embodiment If, in the 
first embodiment, vtoration plate 1 72 is sized so as to be 
just targe enough to cover the second pressurizing 10 
chamber 171C and the first pressurizing chamber 
171 H, the bonding step of bonding the piezoelectric 
devices 241, 242 carrying the vtoration plates 241. 242 
bonded thereto, respectively, to the vtoration plate 172 
can be simplified further. 75 

In addition, in the Inkjet printer* head 240, since the 
s cond Oquid supply duct 171E and the first liquid sip- 
ply duct 171J are formed in the opposite surface 171B 
of the pressurizing chamber forming unit 171, as 
descrtoed above, the range of possible selection of the so 
adhesive used for bonding the piezoelectric devices 
243, 244 carrying the vtoration plates 241 , 242 bonded 
thereto can be signrficancy increased as compared to 
that in the conventional practice, thus preventing ther- 
mal deterioration of the piezoelectric devices 242, 243 2s 
or warping due to non-coincidence of thermal expan- 
sion coefficient and consequent destruction of the pie- 
zoelectric devices. 

In the present 'ink jet printer' head 240, the above- 
mentioned orifice plate 231 may also be used instead of 30 
the orifice plate 173 for realizing the simitar effect. 

In the above-descrtoed second embodiment a 'car- 
rier jet printer* head 155 is used. However, the present 
invention is not limited to this specified embodiment 
That is, an Ink jet printer* head 250 shown in Fig.52, in 35 
which corresponding parts to those of Fig.32 are 
denoted by the same reference numerals, can also be 
used for realizing the effect comparable to that of the 
above-described first embodiment 

In the 'ink jet printer' head 250. a first pressurizing 40 
chamber 251 G, a first nozzle inlet opening 251 H, a first 
liquid supply duct 2511. a dilution solution buffer tank 
251J. a connection port 251 K, a communication open- 
ing 251 L for establishing communication between the 
first pressurizing chamber 251 G and the first liquid sup- 45 
ply duct 2511. a second pressurizing chamber 251 A, a 
second nozzle inlet opening 251 B. a second liquid sup- 
ply duct 251 C. an ink buffer tank 251 D, a connection 
port 251 E, a communication opening 251 F for estab- 
lishing communication between the second pressuriz- so 
ing chamber 251 A and the second liquid supply duct 
251 C are formed by injection molding in a pressurizing 
chamber forming unit 151 formed of polyether imide 
with a thickness of approximately 0.4 mm. 

The first pressurizing chamber 251 G is formed at a ss 
pre-set depth from a side 251 M of the pressurizing 
chamber forming unit 251 so as to be exposed towards 
a side 251 M of the pressurizing chamber forming unit 



251 , while the first nozzle inlet opening 251 H is formed 
in the lower side of the first pressurizing chamber 251 G 
so as to communicate with the pressurizing chamber 
251G and so as to be exposed towards the opposite 
surface 251 N of the pressurizing chamber forming unit 
251. 

The first liquid supply duct 2511 is formed at a pre* 
set depth from the opposite side 251 N of the pressuriz- 
ing chamber forming unit 251 so as to be exposed 
towards the opposite surface 251 N of the pressurizing 
chamber forming unit 251 . 

The dilution solution buffer tank 251J is formed to a 
pre-set depth from the opposite surface 251 N of the 
pressurizing chamber forming unit 251 so as to commu- 
nicate with the first liquid supply duct 251 1 and so as to 
be exposed to the opposite surface 251 N of the pressu- 
rizing chamber forming unit 251. The connection open- 
ing 211E is formed so as to communicate with the 
dilution solution buffer tank 251J and so as to be 
exposed to the surface 251 M of the pressurizing cham- 
ber forming unit 251 . The communication opening 251 L 
is formed for establishing communication between the H 
first pressurizing chamber 251 G and the first liquid sup- ' ; ' 
ply duct 251 1. *;-" 

The second pressurizing chamber 251 A is formed " 
at a pre-set depth from the side 251 M of the pressuriz- ' 
ing chamber forming unit 251 so as to be exposed 
towards the side 251 M of the pressurizing chamber 
forming unit 251 , while the second nozzle inlet opening 
251 B is formed in the lower side of the second pressu- 
rizing chamber 251 B so as to communicate with the * 
second pressurizing chamber 251 A and so as to be 
exposed towards the opposite surface 251 N of the pres- 
surizing chamber forming unit 251. 

The second liquid supply duct 251 C is formed at a 
pre-set depth from the opposite side 251 N of the pres- 
surizing chamber forming unit 251 so as to be exposed 
towards the opposite surface 251 N of the pressurizing 
chamber forming unit 251 . 

The ink buffer tank 251 D is formed to a pre-set 
depth from the opposite surface 251 N of the pressuriz- 
ing chamber forming unit 251 so as to communicate 
with the second liquid supply duct 251 C and so as to be 
exposed to the opposite surface 251 N of the pressuriz- 
ing chamber forming unit 251. The connection opening 
251 E is formed so as to communicate with the ink buffer 
tank 251 D and so as to be exposed to the surface 251 M 
of the pressurizing chamber forming urrit 251 . The com- 
munication opening 251 F is formed for establishing 
communication between the second pressurizing cham- 
ber 251 A and the dilution solution flow path 151C. 

In the 'ink jet printer' head 250, comprised of a lay- 
ered structure of the pressurizing chamber forming unit 
251 of polyether imide with a thickness of approximately 
0.4 mm and the orifice plate 133, the portion between 
the second nozzle inlet opening 251 B and the second 
liquid supply duct 251 C and the portion between the 
first nozzle inlet opening 251 H and the first liquid supply 
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duct 251 1 operate as hard members, in distinction from 
the case of using the pressurizing chamber forming unit 
of polyether imide with the same thickness as in the first 
embodiment (0.1 mm) thus reducing the amount of 
deformation of the orifice plate 1 73 on pressure applica- § 
tion to the second pressurizing chamber 251 A and the 
first pressurizing chamber 251 G, thus enabling the ink 
to be emitted effectively and stably from the quantitation 
nozzle 173A while enabling the mixed solution to be 
emitted effectively and stably from the emission nozzle w 
173 A. 

Since the amount of deformation of the orifice plate 
173 can be reduced as compared to the case of using 
the pressurizing chamber forming unit of polyether 
imide of the same thickness (0.1 mm) as in the first is 
embodiment, the pressure in the second pressurizing 
chamber 251 A and the first pressurizing chamber 25 1G 
can be effectively and stably increased even if the volt- 
age applied across the layered piezo units 176, 177 is 
reduced, thus reducing the power consumption. 20 

The piezoelectric devices 243, 244 can also be 
used in the Ink jet printer* head 250 in place of the lay- 
ered piezo units 176, 177. 

In addition, in the present Ink jet printer* head 250, 
the orifice plate 231 can be used in place of the orifice 25 
plate 173 for realizing the effect comparable to the 
above-mentioned effect. 

The manufacturing method of the Ink jet printer' 
head 250 is explained with reference to Fig.53 in which 
parts or components corresponding to those shown in 30 
Fig.34 are denoted by the same reference numerals. 

First as shown in Fig.53A, the pressurizing cham- 
ber forming unit 251 having the first pressurizing cham- 
ber 251G, first nozzle inlet opening 251 H, first liquid 
supply duct 251 1, dilution solution buffer tank 251 J. con- 35 
nection port 21 1K, the communication opening 251 U 
second pressurizing chamber 251 A, second nozzle 
inlet opening 251 B, second liquid supply duct 251 C, ink 
buffer tank 251 D, connection port 251 E and the commu- 
nication opening 251 F is formed by injection molding, 40 
using a resin material formed of polyether imide having 
a thickness of approximately 0.4 mm. 

Since the resin material used is polyether imide, the 
shape conforming to the first pressurizing chamber 
251 G, first nozzle inlet opening 251 H, first liquid supply 45 
duct 251 1, dilution solution buffer tank 251J, connection 
port 21 1K. the communication opening 251 L, second 
pressurizing chamber 251 A. second nozzle inlet open- 
ing 251 B, second liquid supply duct 251 C, ink buffer 
tank 251 D, connection port 251 E and the communica- so 
tion opening 251 F can be transcribed to the resin mate- 

ri al to high accurac y, th us improvin g dim ensional 

accuracy of each chamber and each opening. 

The subsequent steps of bonding the resin member 
141 shown in Ftg.53B to the opposite surface 251 IM of ss 
the pressurizing chamber forming unit 251 , forming the 
quantitation nozzle 173A and the emission nozzle 173B 
on the resin member 185 shown in Fig.53C to form the 



orifice plate 173, bonding the vtoration plate 172 shown 
in Fig.53D and boncfing the layered piezo units 1 76, 1 77 
and the ink supply duct 179 shown in Fig.53E may be 
carried out as the steps shown in Fig.34. 

The above gives the Ink jet printer' head 250. 

The following method may be envisaged as alterna- 
tive manufacturing method of the Ink jet printer* head 
250. Reference is had to Fig. 54 in which pads or com- 
ponents corresponding to those shown in Rg.34 are 
denoted by the same reference numerals. 

First as shown in Rg.54A, the first pressurizing 
chamber 251 G, first liquid supply duct 2511a, dilution 
solution buffer tank 251 J, connection opening 251 K1 
having a depth not passing through the dilution solution 
buffer tank 251J, connection opening 251 L1 having a 
depth not passing through the first liquid supply duct 
251 1, second pressurizing chamber 251 A, second liquid 
supply duct 251 C, ink buffer tank 251 D. connection 
opening 251 E1 having a depth not passing through the 
ink buffer tank 251 D, and the connection opening 251 F1 
having a depth not passing through the second liquid 
supply duct 251 C are formed by injection molding in the 
resin material 252 of polyether imide having a thickness 
of approximately 0.4 mm. 

Then, as shown in Fig.54B, the second nozzle inlet 
opening 251 B is formed via second pressurizing cham- 
ber 251 A from the surface 252A of the resin material 
252, by pre-set punching means. Similarly, the connec- 
tion opening 251E1 and the ink buffer tank 251 D are 
perforated for forming the connection opening 251 E via 
connection opening 251 E 1 from the surface 252 A of the 
resin material 252 using pre-set punching means. The 
second pressurizing chamber 251 A and the second ink 
supply duct 251 C are perforated from the surface 252A 
of the resin material 252 via communication opening 
251 F1 by pre-set punching means to form the commu- 
nication opening 251 F. 

Similarly, the first nozzle inlet opening 251 H is 
formed via first pressurizing chamber 251G from the 
surface 252A of the resin material 252, by pre-set 
punching means. Similarly, the connection opening 
251 K1 and the dilution solution buffer tank 251J are per- 
forated for forming the connection opening 251 K via 
connection opening 251 K1 from the surface 252A of the 
resin material 252 using pre-set punching means. The 
first pressurizing chamber 251 G and the first liquid sup- 
ply duct 2511 are perforated from the surface 252A of 
the resin material 252 via communication opening 
251 L1 by pre-set punching means to form the commu- 
nication opening 251 L This completes the pressurizing 
chamber forming unit 251 . 

The Lsubsaiuent steps of bonding the resin member^ 

185 shown in Fig. 54 C to the opposite surface 251 N of 
the pressurizing chamber forming unit 251, and forming 
the quantitation nozzle 173A and the emission nozzle 
173B on the resin member 185 shown in Fig. 54 D to 
form the orifice plate 173 are similar to those shown in 
Figs.34C and 34D. 
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The steps of bonding the vibration plate 172, lay- 
ered piezo units 176, 177, the ink supply duct 179 and 
the dilution liquid supply duct 181 may be carried out as 
shown in Rgs.34E and 34F and are not shown specifi- 
cally. s 

The above gives the carrier jet printer head 250. 

When the second nozzle inlet opening 251 B and 
the first nozzle inlet opening 251 H are formed, burrs 
251 B1, 251 H1 are formed on the bonding side of the 
resin member 185 to the second nozzle inlet opening 10 
251 B and the first nozzle inlet opening 251 H, as shown 
in Fig.54B. 

Thus, if the resin member 185 is bonded to the the 
pressurizing chamber forming unit 251 at the step 
shown in Fig.54C. the burrs 251 B1 , 251 H1 bite into the is 
resin member 185, thus preventing ink leakage and 
pressure leakage for significantly improving reliability of 
the 'carrier jet printer 1 head 250. 

Also, the gap between the first pressurizing cham- 
bers 2510 and the second pressurizing chambers 251 A 20 
can be narrowed to increase the pitch density of the 
emission nozzles 133 A and the quantitation nozzles 
173 A. 

Although the above-described first embodiment is 
directed to the manufacture of the 'carrier jet printer* ss 
head 155 by the manufacturing steps shown in Fig.34, 
the present invention is not limited thereto since the 
'carrier jet printer' head 1 55 may be manufactured using 
the manufacturing steps shown in Fig.55 in which the 
corresponding parts of Fig.34 are denoted by the same 30 
reference numerals. 

That is. referring to Fig.55A, a resist, such as a pho- 
tosensitive dry fflm or a liquid resist material, is coated 
on the surface 182 A of the plate 182, and pattern light 
exposure is then carried out using a mask having a pat- 35 
tern corresponding to the ink solution chamber, connec- 
tion opening. Dilution solution chamber and the 
connection opening On the other hand, a resist such as 
a photosensitive dry film or a liquid resist material, is 
coated on the opposite surface 182B of the plate 182, 40 
and pattern light exposure is then carried out using a 
mask having a pattern corresponding to the first and 
second liquid supply ducts, dilution solution buffer tank 
and the ink buffer tank to form a resist 253. 

Then, as shown in Fig.SSA, a resist 183 having a 45 
pattern corresponding to the first and second pressuriz- 
ing chambers and the connection ports is formed, as 
shown in Fig.SSA. 

Then, as shown in Fig.55B, the plate 182 is 
immersed in an etching solution of, for example, an so 
aqueous solution of ferric chloride, using the above 
resists 183, 259 as masks, for forming the second pres- 
surizing chamber 254A, connection opening 254B, first 
pressurizing chamber 254C and the connection open- 
ing 254D on the surface 182A of the plate 182, while 55 
forming the second liquid supply duct 254E. ink buffer 
tank 254F, first liquid supply duct 254F and the dilution 
solution buffer tank 254H on the opposite surface 182B 



of the plate 182. 

The etching amount is selected so that the etching 
amount from one surface of the plate 182 wfll be approx- 
imately one/third the thickness of the plate 182. There- 
fore, the second pressurizing chamber 254 A, second 
pressurizing chamber 254E, ink buffer tank 254F and 
the connection opening 254B are not in communication 
with each other, while the first pressurizing chamber 
254C, first liquid supply duct 254G, dilution solution 
buffer tank 254H and the connection opening 254D are 
not in communication with each other. 

The resists 183. 253 are then removed, after which 
a second inlet opening 254I is formed from the surface 
1 82 A of the resin material 1 82 via pressurizing chamber 
254A using pre-set punching means. Then, using pre- 
set punching means, the connection opening 254B and 
the ink buffer tank 254F are perforated from the surface 
182A of the resin material 182 via connection opening 
254B. Then, a through-hole 254E1 is bored for estab- 
lishing communication between the second pressuriz- 
ing chamber 254A and the second liquid supply duct, 
254E via pressurizing chamber 254A from the side ' 
182A of the resin material 182 using pre-set punching . 
means. 

Then, a first nozzle inlet opening 254J is formed 
from the surface 182 A of the resin material 182 via first" 
pressurizing chamber 254C using pre-set punching 
means. Then, using pre-set punching means, the con- * 
nection opening 254D and the dilution solution buffer ; 
tank 254H are perforated from the surface 182A of the 
resin material 182 via connection opening 254D. Then/ 
a through-hole 254G1 is bored for establishing commu- 
nication between the first pressurizing chamber 254C 
and the first liquid supply duct 2540 via first pressuriz- 
ing chamber 254C from the side 1 82A of the resin mate- 
rial 182 using pre-set punching means for forming the 
solution chamber forming member 254. 

When the second nozzle inlet opening 2541 and the 
first nozzle inlet opening 254E are formed, burrs 25411 , 
254J1 are formed on the bonding side of the resin mem- 
ber 185 to the second nozzle inlet opening 254I and the 
first nozzle inlet opening 254J, as shown in Fig.56, thus 
realizing the effect similar to that described previously. 
In the 'carrier jet printer* head, this is particularly effec- 
tive since the ink nozzle and the dilution solution nozzle 
are formed in proximity to each other. 

The subsequent steps of bonding the resin member 
185 shown in Fig.55D to the solution chamber forming 
unit 254 and forming the quantitation nozzle 173A and 
the emission nozzle 173B in the resin member 185 
shown in Fig.550 to form the orifice plate 173 may be 
carried out in the same manner as in Fig.34C and 34D. 
The bonding step of the vibration plate 172 and the 
bonding step of the layered piezo units 176. 1775. ink 
supply duct 179 and the dilution liquid supply duct 181 
are similar to those explained with reference to Figs.34E 
and 34F and corresponding drawings are omitted for 
simplicity. 
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With the above-described manufacturing method, 
the solution chamber forming member 254 is formed 
using both the etching step and the punching step, the 
depth of the second pressurizing chamber 254A and 
the first pressurizing chamber 254C and that of the sec- 
ond liquid supply duct 254E and the first liquid supply 
duct 254G can be selected freely as compared to the 
case of the manufacturing method shown in Fig.34, thus 
significantly improving the designing freedom. 

The manufacturing method shown in Fig. 55 may be 
applied to the above-described 'carrier jet printer' heads 
230, 240. 

In the second embodiment described above, the 
etching amount in the etching process of Fig.34B is 
selected to be slightly larger than one half the thickness 
of the plate 182. However, the present invention is not 
limited to this specified embodiment That is. the etching 
amount in the etching process of Ftg.34B of immersing 
the surface 182 A and the opposite surface 182B of the 
plate 182 can be varied for producing a pressurizing 
chamber forming unit 261 formed with the second pres- 
surizing chamber 261 A. connection opening 261 B. sec- 
ond liquid supply duct 261 C. ink buffer tank 261 D. 
second nozzle inlet opening 261 E. first pressurizing 
chamber 261 F, connection opening 261 G. first liquid 
supply duct 261 H. dilution solution buffer tank 261 1 and 
the first nozzle inlet opening 261 J as shown in Fig. 57 
showing corresponding parts to Fig.34 using the same 
reference numerals. 

In this case, the second pressurizing chamber 
261 A and the second liquid supply duct 261C communi- 
cate with each other via opening 261 C1 , while the first 
pressurizing chamber 261 F and the first liquid supply 
duct 261 H communicate with each other via opening 
261 H1 

By varying the etching amount for reducing the 
depth of the second liquid supply duct 261 C and the first 
liquid supply duct 261 H. the flow path resistance of the 
second liquid supply duct 261 C and the f irst liquid sup- 
ply duct 261 H can be increased to render it possible to 
reduce the driving voltage impressed across the layered 
piezo units 176. 177. 

In the second embodiment descrtoed above, the 
ink is set to the quantrtating side, while the dilution solu- 
tion is set to the emitting side. The present invention, 
however, is not limited t this embodiment such that the 
effect similar to that of the previous embodiment can be 
achieved by setting the ink and the dilution solution to 
the emission and quantrtating sides, respectively. 

In the above-described embodiment, the present 
invention is applied to a serial type printer device. This 
invention is not limited to this embodiment such that it 
can" be applied tana : line type or "drum Tdtating~type~ 
printer device. The line line type printer device may use 
the above-described ink jet printer' heads 190, 200 or 
210. The line type or drum rotating type printer device 
may also use the above-mentioned 'carrier jet printer* 
heads 155. 230. 240 or 250. 



In the above-described embodiment the vibration 
plates 132. 172 are sized to be large enough to permit 
affixture thereof to the surface 131 A of the pressurizing 
chamber forming unit 131 and to the surface 171A of 

5 the pressurizing chamber forming unit 1 71 . The present 
invention, however, is not limited to this embodiment 
since vferatton plates 132. 1 72 may be sized to be targe 
enough to permit affixture thereof to positions register- 
ing with the pressurizing chamber 1 31 C or to positions 

10 registering with the second pressurizing chamber 1 71 C 
and to the first pressurizing chamber 171H. Since the 
vibration plates 132. 172 can be reduced in size, the 
bonding process for affixing the vibration plates 132. 
1 72 to the pressurizing chamber forming units 131,171 

is can be simplified further. 

In the above-described embodiment, the orifice 
plates 133. 173 are thermally affixed to the pressurizing 
chamber forming units 131. 171. respectively, at a 
press-working temperature of the order of 230°C at a 

20 pressure of 20 to 30 kgf/cm2. The present invention, 
however, is not limited to this embodiment such that the 
orifice plates 133. 173 can be thermally affixed to the 
pressurizing chamber forming units 131, 171. respec- 
tively, at various other numerical conditions provided 

25 that sufficient bonding strength can be achieved. 

In the above-descrfoed embodiment the excimer 
laser is used. The present invention, however, is not lim- 
ited to this embodiment such that other lasers such as 
carbonic gas lasers may be used. 

3c In the above-described embodiment, the pressuriz- 
ing the pressurizing chamber forming units 131, 211, 
214 and 221 are used as the pressurizing chamber 
forming units in which the pressurizing chamber 
charged with the solution is formed on one surface and 

35 in which the liquid supply ducts communicating with the 
pressurizing chamber via pre-set holes and the nozzle 
inlet opening communicating with the pressurizing 
chamber is formed in the opposite surface. The present 
invention, however, is not limited to this embodiment 

40 such that various other pressurizing chamber forming 
units may also be employed. Also, in the above- 
descrfoed embodiment the orifice plates 133. 191 are 
used as liquid emission members as resin members in 
which an emission nozzle communicating with the noz- 

45 zle inlet opening is formed and deposited on the other 
surface of the pressurizing chamber forming unit so that 
the solution is emitted via the emission nozzle to out- 
side. The present invention, however, is not limited to 
this embodiment such that various other liquid emission 

so members may also be used. 

In the above-descrfoed embodiment, the first pres- 
sure transmitting member made up of the vibration plate 
132 arid the ]xc* 

mitting member made up of the vibration plate 132 and 
55 the vibration plate 201 are used as the first pressure 
transmitting member affixed to a surface of the pressu- 
rizing chamber forming unit. The present invention, 
however, is not limited to this embodiment such that var- 
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ious other pressure transmitting members may be used 
as the liquid emission member. 

In the above-descrtoed embodiment pressurizing 
means comprised of the protrusion 134 and the layered 
piezo unit 135 and pressurizing means made up of the s 
vfrration plate 201 and the piezoelectric device 202 are 
used as pressurizing means provided on the first pres- 
sure transmitting member and adapted for thrusting the 
portion of the first pressure transmitting member con- 
tacted with the pressurizing chamber for generating a 10 
pre-set pressure in the pressurizing chamber. The 
present invention, however, is not limited to this embod- 
iment such that various other pressurizing means may 
also be used. 

In the above-descrfced embodiment, the vibration is 
plate 201 and the piezoelectric device 202 are used as 
the second pressure transmitting member of a size to 
cover the pressurizing chamber provided on the first 
pressure transmitting member and as pressurizing 
means provided on the second pressure transmitting 20 
member and which is layered on pressure generating 
means. The present invention, however, is not limited to 
this embodiment such that various other pressurizing 
means may also be used. 

In the above-described embodiment, pressurizing 25 
chamber forming units 131, 214, 221 and pressurizing 
chamber forming units 171, 254, 261 are used as the 
pressurizing chamber forming units formed of a metallic 
material. The present invention, however, is not limited 
to this embodiment such that various other metallic 30 
materials may be used as the pressurizing chamber 
forming units formed of a metallic material. 

. In the above-described embodiment, pressurizing 
chamber forming units 131 , 1 71 are used as the pressu- 
rizing chamber forming units of a metallic material with 35 
a thickness not less than 0.1 mm. The present inven- 
tion, however, is not limited to this embodiment such 
that various other figures may be used as the thickness 
of the pressurizing chamber forming units 131, 171. In 
particular, the effect substantially similar to those of the 40 
above-described embodiments can be obtained on 
selecting the thickness of the pressurizing chamber 
forming unit to 0.1 mm or larger. 

In the above-described embodiment the orifice 
plates 133, 173, 191 or 231 of Neof lex are used as solu- 45 
tion emitting members of the resin material. The present 
invention, however, is not limited to this embodiment 
such that solution emitting members of various other 
resin materials may be used as the solution emitting 
members of resin materials. so 

In the above-described embodiment, the orifice 
plates 133. 173 of Neof lex are used as the solution 
emitting members of resin material having a glass tran- 
sition temperature of 250°C or less. The present inven- 
tion, however, is not limited to this embodiment such ss 
that the solution emitting members of various other 
resin materials may be used as solution emitting mem- 
bers of resin material having a glass transition tempera- 



ture of 250°C or less. 

In the above-descrfced embodiment, the orifice 
plates 1 91 , 231 are used as the solution emitting mem- 
bers made up of the first resin member of potyimide 
having the glass transition temperature of 250°C or 
lower and the second resin member of potyimide having 
the glass transition temperature of 250°C or higher. The 
present invention, however, is not limited to this embod- 
iment such that various other solution emitting members 
may also be used. 

In the above-described embodiment the films of 
organic material 193, 233 of Neof lex are used as the 
first resin having the glass transition temperature of 
250°C or lower. The present invention, however, Is not 
limited to this embodiment such that various other first 
resins may be used as the first resins having the glass 
transition temperature of 250°C or lower. 

In the above-described embodiment, the films of 
organic material 192, 232 of Capton are used as the 
second resin having the glass transition temperature of 
250°C or lower. The present invention, however, is not 
limited to this embodiment such that various other sec- 
ond resins may be used as the second resins having the 
glass transition temperature of 250°C or lower. 

In the above-described embodiment, the pressuriz- 
ing chamber forming units 171, 251, 254 and 261 are 
used as the pressurizing chamber forming unit having 
on its surface a first pressurizing chamber charged with 
the first solution and a second pressurizing chamber 
charged with the second solution and also having on its 
other surface a first solution flow path communicating 
with the first pressurizing chamber via pre-set hole, a 
first nozzle inlet opening communicating with the first 
pressurizing chamber, a second solution flow path com- 
municating with the second pressurizing chamber via 
pre-set hole, and a second nozzle inlet opening commu- 
nicating with the second pressurizing chamber. The 
present invention, however, is not limited to this embod- 
iment such that various other pressurizing chamber 
forming units may be used as the pressurizing chamber 
forming unit 

In the above-described embodiment, the orifice 
plates 173, 231 are used as the solution emitting mem- 
bers as resin members having on the opposite surface 
of the pressurizing chamber forming unit a first emission 
nozzle communicating with the first nozzle inlet opening 
and a second emission nozzle communicating with the 
first nozzle inlet opening for emitting the mixed solution 
via encoding method to outside. The present invention, 
however, is not limited to this embodiment such that var- 
ious other solution emitting members may be used as 
the solution emitting members. 

In the above-described embodiment, the first pres- 
sure transmitting member made up of the vibration plate 
172, lug 174 and the lug 175 and the first pressure 
transmitting member made up of the vibration plate 1 72, 
vibration plate 241 and the vibration plate 242 is used 
as the first pressure transmitting member deposited on 
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the surface of the pressurizing chamber forming unit 
The present invention, however, is not limited to this 
embodiment such that various other first pressure trans- 
mitting member may be used. 

In the above-described embodiment, the first pres- s 
surizing means made up of the lug 174 and the layered 
piezo unit 1 76 and the first pressurizing means made up 
of the vibration plate 241 and the piezoelectric device 
243 are used as the first pressurizing means provided 
on the first pressure transmitting member for thrusting io 
the portion of the first pressure transmitting member 
contacted with the first pressurizing chamber for gener- 
ating a pre-set pressure in the first pressurizing cham- 
ber. The present invention, however, is not limited to this 
embodiment such that various other first pressure trans- is 
mitting means may be used. 

In the above-described embodiment the second 
pressurizing means made up of the lug 175 and the lay- 
ered piezo unit 1 77 and the second pressurizing means 
made up of the vibration plate 242 and the piezoelectric 20 
device 244 are used as the second pressurizing means 
provided on the first pressure transmitting member for 
thrusting the portion of the first pressure transmitting 
member contacted with the second pressurizing cham- 
ber for generating a pre-set pressure in the second 25 
pressurizing chamber. The present invention, however, 
is not limited to this embodiment such that various other 
second pressure transmitting means may be used. 

in the above-described embodiment, the vibration 
plate 241 and the piezoelectric device 243 are used as 30 
the first pressurizing means made up of the second 
pressure transmitting member of a size to cover the first 
pressurizing chamber provided on the first pressure 
transmitting member and the first pressurizing means 
provided on the second pressure transmitting member 3S 
so as to be layered on second pressurizing means. The 
present invention, however, is not limited to this embod- 
iment such that various other first pressure transmitting 
means may be used. 

In the above-described embodiment, the vibration 40 
plate 242 and the piezoelectric device 244 are used as 
the second pressurizing means made up of the third 
pressure transmitting member sized to cover the sec- 
ond pressurizing chamber provided on the first pressure 
transmitting member and the. second pressurizing 45 
means provided on the third pressure transmitting 
member so as to be layered on third pressurizing 
means. The present invention, however, is not limited to 
this embodiment such that various other second pres- 
sure transmitting means may be used. so 

3. Embodiments Corresponding to Fifth Sub ject-Mattel 
to Eighth Subiect-Matter of the Invention 

(1) First Embodiment 55 

In the present embodiment the present invention is 
applied to an Inkjet printer* device emitting only the ink, 



that is to an embodiment corresponding to the fifth sub- 
ject-matter and the seventh subject-matter of the inven- 
tion. 

(1 -1 ) Structure of the Ink jet printer' device 

Since the overall structure of the ink jet printer* 
device of the present embodiment is similar to the f irst 
embodiment corresponding to the first subject-matter 
and second subject-matter of the invention described 
previously, the description is now omitted for simplicity. 
That is, in the Ink jet printer* device of the present 
embodiment an Inkjet printer* head, as later explained, 
is used in place of the printer head 15 previously 
explained. Since the present embodiment of the Inkjet 
printer' device uses a controller similar to the above- 
described controller, the explanation therefor is also 
omitted. 

(1 -2) Structure of the Ink jet printer* head 

The structure of the Ink jet printer* head of the 
present Ink jet printer* device is explained. In the 
present embodiment, shown in Figs. 58 and 59. a vibra- 
tion plate 32 is affixed by an adhesive, not shown, to a 
surface 331 A of a plate-shaped pressurizing chamber 
forming unit 331, while a plate-shaped orifice plate 333 
is affixed to the opposite surface 331 B of the pressuriz- 
ing chamber forming unit 331 and a layered piezo unit 
335 is affixed via lug 334 to a surface 332A of the vibra- 
tion plate 332. 

The pressurizing chamber forming unit 331 , formed 
of stainless steel, is substantially 0.2 mm in thickness. 
This pressurizing chamber forming unit 331 is formed 
with a pressurizing chamber 33 1C, a nozzle inlet open- 
ing 331 D, a liquid supply duct 331 E, a nozzle inlet open- 
ing 331 D. a liquid supply duct 331 E, an ink buffer tank 
331 F and a connection opening 331 G. The pressurizing 
chamber 331 C is formed so as to be exposed from sub- 
stantially the center in the direction of thickness of the 
pressurizing chamber forming unit 331 towards the sur- 
face 331 A of the pressurizing chamber forming unit 331 . 
The nozzle inlet opening 331 D is formed on the lower 
side of the pressurizing chamber 331 C so as to be in 
communication with the pressurizing chamber 331 C 
and so as to be exposed to the opposite side 331 B of 
the chamber 331 C. 

The liquid supply duct 33 1E is formed from sub- 
stantially the center in the direction of thickness of the 
pressurizing chamber forming unit 331 towards the 
opposite surface 33 1B of the pressurizing chamber 
forming unit 3 31. The liquid supply duct 33 I E communi- 
cates with the pressurizing chamber 331 1 C via connec- 
tion opening 331 E1 and is formed with interposition of a 
hard member 331 H between it sand the nozzle inlet 
opening 331 D. 

The ink buffer tank 31 F communicates with the liq- 
uid supply duct 331 E and is formed for being exposed 
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on the other side 331 B of the pressurizing chamber 
forming unit 331. Referring to Fig.59, showing the 
printer head 315 of the instant embodiment, a plurality 
of pressurizing chambers 331 C are arrayed in a pre-set 
direction and the ink buffer tank 331 F constitutes a sole 
piping carrying the plural liquid supply ducts 331 E, that 
is the ink buffer tank 136 which is a common ink liquid 
chamber for the pressurizing chambers 331 C. 

The connection opening 331 G is formed so as to 
communicate with the ink buffer tank 331 F and so as to 
be exposed to the surface 331 A of the pressurizing 
chamber forming unit 331 . 

The pressurizing chambers 331 C are arrayed at an 
arraying pitch P1 of 0.68 mm parallel to the longitudinal 
direction of the ink buffer tank 336, as shown in Rg.59. 
The liquid supply duct 331 E is made up of a first flow 
path 331 E2 of a pre-set length extending at right angles 
to the arraying direction of the pressurizing chambers 
331C and a second flow path 331E3 connected to the 
liquid supply duct 33 1E and which is formed obliquely 
relative to the arraying direction of the pressurizing 
chambers 331 C. 

The second flow path 331 E3 is formed obliquely to 
the arraying direction of the pressurizing chambers 
331 C so that the cerrterline C1 of the first flow path 
331 E2. that is a line perpendicular to the arraying direc- 
tion of the pressurizing chambers 33 1C, will make an 
angle 0 of 70° to the centerline C2 of the second flow 
path 331 E3. Therefore, the second flow path 331 E3 of 
the liquid supply duct 331 E is obliquely formed relative 
to the delivery surface 336A of the ink buffer tank 336, 
that is to the connection surface with the flow path 
331 E3 of the ink buffer tank 336. 

Stated differently, part of the liquid supply duct 
331 E is obliquely formed from the ink buffer tank 336 as 
a liquid supply source relative to the delivery surface 
336A as a liquid supply surface to the second flow path 
331 E3. 

Therefore, with the present Ink jet printer* head 
315, since the second flow path 33 1 E3 of the liquid sup- 
ply duct 331 E is formed obliquely relative to the arraying 
direction of the pressurizing chambers 331 C, that is the 
delivery surface 336 A of the ink buffer tank 336, the 
length of the pressurizing chamber 331 C in the direction 
perpendicular to the arraying direction of the pressuriz- 
ing chambers 331 C, is significantly shorter than with the 
conventional system. 

Referring to Fig .60 (cross-sectional view taken 
along line B-B' in Fig.59), the width Wl and the depth d1 
of each liquid supply duct 331 E are selected to be equal 
to 0.1 mm. while the length of each liquid supply duct 
331 E is selected to be approximately 2 mm. Therefore, 
the flow resistance in each liquid supply duct 331 E is set 
to substantially the same value. Moreover, since the liq- 
uid supply duct 331 E is formed by etching, as will be 
explained subsequently, the angle of the liquid supply 
duct 331 E towards the pressurizing chamber 331 C is 
formed at a radius of curvature equal to or larger than 



0.01 mm. 

The pressurizing chamber forming unit 331 is 
formed with the pressurizing chamber 331 C, nozzle 
inlet opening 331 D. liquid supply duct 331E, ink buffer 

5 tank 331 F and the connection opening 331Q for defin- 
ing a hard member 331 H, and members 331 1, 331J and 
331 K. The hard member 331 H is contacted with the 
lower surface of the pressurizing chamber 331 C, a lat- 
eral side of the nozzle inlet opening 331 D, and with a 

io lateral surface of the liquid supply duct 331 E and consti- 
tutes part of the opposite surface 331 B of the pressuriz- 
ing chamber forming unit 331. The member 3311 is 
contacted with a lateral surface of the pressurizing 
chamber 331 C, upper surface of the liquid supply duct 

75 331 E and a lateral surface of the connection opening 
331 G and constitutes a part of surface of the connection 
opening 331G, while the member 331J is contacted with 
the opposite lateral side of the pressurizing chamber 
331C and with the opposite lateral side of the nozzle 

20 inlet opening 33 1D and constitutes part of the surface 
331 A and the opposite surface 331 B of the pressurizing 
chamber forming unit 331 . 

On the opposite surface 331 B of the pressurizing" 
chamber forming unit 331 is affixed the orifice plate 333 P 

25 by thermal pressure borxfing, for overlying the nozzle 
inlet opening 331 D, a liquid supply duct 31 E and an ink 
buffer tank 331 F This orifice plate 333 is formed of 
Neoftex superior in thermal resistance and resistance 
against chemicals, such as Neoflex (trade name) manu- 
re factured by MITSUI TOATSU KAGAKU KK, and is* 
formed of the above-mentioned Neoflex having a thick- 
ness of approximately 50 iim and the glass transition' 
temperature of 250°C or lower. 

This orifice plate 333 is formed with an emission 

35 nozzle 333A communicating with the nozzle inlet open- 
ing 331 D and which has a circular cross-section of a 
pre-set diameter for emitting the ink supplied from the 
pressurizing chamber 331 C via nozzle inlet opening 
331 D. Since the emission nozzle 33A is formed in the 

40 orifice plate 333 of Neoflex, chemical stability can be 
assured against ink. 

The nozzle inlet opening 331 D is formed so as to be 
larger in diameter than the emission nozzle 333A. 
On the surface 331 A of the pressurizing chamber 

45 forming unit 331 is bonded a vibration plate 332 of, for 
example, nickel, by an epoxy-based adhesive, for over- 
lying the pressurizing chamber 331 C. 

The printer head 31 5 of the ink jet printer* device of 
the instant embodiment is made up of a pressurizing 

so chamber forming unit 331 having the pressurizing 
chamber 331 C and the liquid supply duct 331 E, a vibra- 
tion plate 332 overlying the pressurizing chamber 33 1 C, 
a layered piezo unit 335 as a piezoelectric device 
arranged in register with the pressurizing chamber 

55 331 C via vibration plate 32, and an orifice plate 333 
formed with the hard member 33 1H having the nozzle 
inlet opening 331 D and the emission nozzle 33A. The 
liquid supply duct 331 E supplying the liquid to the pres- 
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surizing chamber 33 1C communicating with the emis- 
sion nozzle 33A is formed obliquely relative to the 
arraying direction of the pressurizing chamber 33 1C 
and to the delivery surface 336A as a supply surface of 
supplying the liquid to the liquid supply duct 331 E from 5 
the ink buffer tank 336 as the liquid supply source. 

Thus, the length of the liquid supply duct 331 E in a 
direction perpendicular to the arraying direction of the 
pressurizing chambers 33 1C and to the supply surface 
is reduced to reduce the overall size of the device. Also, w 
since the liquid supply duct 33 1E communicating with 
the emission nozzle 333A via prec 331 C is formed 
obliquely relative to the liquid supplying surface supply- 
ing the liquid from the liquid supply source to each liquid 
supply duct, the length of the liquid supply duct 331 E is is 
maintained to some extent even if the overall size is 
reduced, thus assuring vigor in emission. 

The vtoration plate 332 is formed with a through- 
hole 332B in register with the connection opening 3310 
of the pressurizing chamber forming unit 331. In this 20 
through-hole 332B is mounted an ink supply duct 337 
connected to an ink tank, not shown. Thus the ink sup- 
plied from the ink tank via ink supply duct 337 and the 
ink buffer tank 136 to the liquid supply duct 331 E is 
charged into the pressurizing chamber 33 1C. 2s 

On the surface 332C of the vibration plate 32 is 
formed a plate-shaped lug 334 in register with the pres- 
surizing chamber 33 1C. To the lug 334 of the layered 
piezo unit 335 is bonded the layered piezo unit 335 with 
an adhesive, not shown. The lug 334 is sized so as to be 3c 
smaller than the opening area of the pressure chamber 
331 C and the surface 335A to which is bonded the lug 
334. 

The layered piezo unit 335 is made up of piezoelec- 
tric device and electrically conductive members layered 35 
alternately in a direction parallel to the surface 332A of 
the vibration plate 332. The number of the layered pie- 
zoelectric devices and the electrically conductive mem- 
bers may be set arbitrarily. 

When the driving voltage is impressed across the 40 
layered piezo unit 335. the latter is linearly moved in a 
direction opposite to the direction shown by arrow M1 in 
Fig. 58 to raise the vibration plate 332, with the lug 334 
thereof as center, for increasing the volume of the pres- 
surizing chamber 331 C. 4s 

If the driving voltage ceases to be applied across 
the layered piezo unit 335, the layered piezo unit 335 is 
linearly moved as indicated by arrow M1 for thrusting 
the lug 334 for warping the vibration plate 332 for reduc- 
ing the volume in the pressurizing chamber 331 C for so 
increasing the pressure in the pressurizing chamber 
331 C. 

Since the Iug334~is sized so as to be smaller than 
the size of the surface 335A of the layered piezo unit 
335 or the opening area of the pressurizing chamber ss 
331 C. displacement of the layered piezo unit 335 can be 
transmitted in a concentrated fashion to a position of the 
vibration plate 332 mating with the pressurizing cham- 



ber 331 C. 

In effect plural pressurizing chambers 331 C, noz- 
zle inlet openings 331 D, fiqiid supply duct 331 E and 
emission nozzles 333A are provided, as shown in 
Fig.59. The lug 334 and the layered piezo unit 335 are 
provided in each of the pressurizing chambers 331 C. 

(1 -3) Manufacturing method for an Ink jet printer* head 

Referring to Fig.61, the manufacturing method for 
the ink jet printer head 315 is explained. 

First a resist, such as a photosensitive dry film or a 
liquid resist material, is coated on the surface 33SA of 
the plate 338 of stainless steel with a thickness of 
approximately 0.2 mm, as shown in F»g.61A, after which 
pattern light exposure is carried out using a mask hav- 
ing a pattern corresponding to the pressurizing cham- 
ber 331 C and the connection opening 331G. The resist 
such as a photosensitive dry film or a liquid resist mate- 
rial is then coated on the opposite surface 338A of the 
plate 338, after which pattern light exposure is carried 
out using a mask having a pattern corresponding to the 
nozzle inlet opening 31 D, liquid supply duct 331 E and 
the ink buffer tank 331 F for forming resists 339 and 340. 

Then, as shown in Fig.61 B, the plate 338 is etched 
by dipping in an etching solution, tor example, ferric 
chloride aqueous solution, for a pre-set time, using, as a 
mask, the resist 339 patterned to suit to the pressurizing 
chamber 31 C and the connection opening 33 1G and 
the resist 340 patterned to suit to the liquid supply duct 
331 E and the ink buffer tank 331 F, as shown in Fig.61 B f 
tor forming the pressurizing chamber 331 C and the con- 
nection opening 331G on the surface 338A of the plate 
338. On the other hand, the nozzle inlet opening 331 D, 
liquid supply duct 31 E and the ink buffer tank 331f are 
formed on the opposite surface 338B of the late 338 for 
producing the pressurizing chamber 331. At this time, 
the hard member 331 H is formed between the nozzle 
inlet opening 331 D and the ink buffer tank 331 E. 

The etching amount is selected in this case so that 
the etching amount from one side of the plate 338 is 
approximately one-half the thickness of the plate 338. 
For example, if the plate 338 has a thickness of 0.2 mm, 
the etching amount from one surface of the plate 338 
will be approximately 0.11 mm. This improves dimen- 
sional accuracy of the pressurizing chamber 33 1C, con- 
nection opening 331G, nozzle inlet opening 331 D, liquid 
supply duct 331 E and the ink buffer tank 331 F and sta- 
bilized manufacture. 

Since the etching amount from one surface of the 
plate 338 is the same, the etching condition in forming 
the pressurizing chamber 33 1C and the connection 
o^iri^33lGohtheTurfa^ 

be equated to iiie etching condition in forming the noz- 
zle inlet opening 3310, liquid supply duct 331 E and the 
ink buffer tank 331 F on the opposite surface 338B of the 
plate 338, thus enabling the process of Fig.61 B to be 
achieved simply and in a shorter time. 
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The nozzle inlet opening 331 D is selected to be 
larger in diameter than the emission nozzle 333A to 
such an extent as not to affect pressure rise in the pres- 
surizing chamber 331 C on pressure application across 
the pressurizing chamber 33 1C. s 

The resists 339. 340 are then removed, as shown in 
Fig.61 C. If, in this case, dry film resists are used as the 
resists 339, 340, the aqueous solution of sodium 
hydroxide with a concentration of 5% or less is used. If 
the liquid resist material is used, a dedicated alkali solu- 
tion is used. 

The resin member 341 of Neoflex, having a thick- 
ness of approximately 50 jim and the glass transition 
terrperature of not higher than 250°C, is affixed by ther- 
mal bonding to the opposite surface 331 B of the pressu- 
rizing chamber forming unit 331 . In this case, boncfing is 
by applying a pressure on the order of 20 to 30 kgf/cm2 
at a press-working temperature of approximately 230°C. 
This increases the bonding strength between the pres- 
surizing chamber forming unit 331 and the resin mem- 
ber 341 while realizing efficient bonding. 

Since the emission nozzle 333A is not formed in 
this case in the resin member 333 A, the bonding proc- 
ess can be simplified to an extent that high registration 
accuracy is not required in the step of bonding the resin 
member 341 to the pressurizing chamber forming unit 
331 shown in Fig.61 C. Moreover, since the resin mem- 
ber 341 is bonded to the pressurizing chamber forming 
unit 331 in the state of Fig.61 C without employing an 
adhesive, it becomes possible to prevent the adhesive 
from stopping the liquid supply duct 331 E. 

Then, as shown in Fig.61D, excimer laser light is 
illuminated perpendicularly from one surface 331 A of 
the pressurizing chamber forming unit 331 to the resin 
member 341 via the pressurizing chamber 331 c and the 
nozzle inlet opening 331D for forming the emission noz- 
zle 333A on the resin member 341 for producing the ori- 
fice plate 333. Since the resin member 341 is used, the 
emission nozzle 333A can be formed easily. Since the 
nozzle inlet opening 331 D is larger in diameter than the 
nozzle 333A, registration accuracy between the resin 
member 341 and the pressurizing chamber forming unit 
331 during laser working is not rigid, while the risk of the 
laser light being shielded by the pressurizing chamber 
forming unit 331 during laser working can be evaded. 

Then, as shown in Fig.61 E, a vforation plate 332 
pre-formed with the protrusion 334 is bonded to the sur- 
face 331 A of the pressurizing chamber forming unit 331 
using, for example, an epoxy-based adhesive. Since the 
liquid supply duct 331E is formed on the opposite sur- 
face 331 B of the pressurizing chamber forming unit 331 , 
the liquid supply duct 331 E can be prevented from being 
stopped by the adhesive during the step of bonding the 
vibration plate 332. Thus, the flow path resistance of the 
liquid supply duct 331 E due to stopping by the adhesive 
can be prevented from being increased to improve reli- 
ability of the printer device. 

Since the liquid supply duct 331E is formed on the 



opposite surface 331 B of the pressurizing chamber 
forming unit 331 E, the latitude of selection of the adhe- 
sive used for affixing the vibration plate 332 to the pres- 
surizing chamber forming unit 331 can be made wider 
than in the conventional device. 

For bonding the vfcration plate 332 to the surface 
331 A of the pressurizing chamber forming unit 331 . the 
process of bonding the vforation plate 332 can be sim- 
pler than in the conventional device since it suffices to 
take into account only the registration between the 
through-hole 332b of the vforation plate 332 and the 
connection opening 331Q. 

Then, as shown in Rg.61F t the layered piezo unit 
335 is affixed to the lug 334 using e.g., an epoxy-based 
adhesive, and the ink sipply duct 337 is bonded to the 
vibration plate 332 in register with the through-hole 
332B. This produces the 'ink jet printer* head 315. 

(1 -4) Operation and Effect of the First Embodiment 

In the above structure of the present Ink jet printer' 
head 315, if a pre-set driving voltage is applied across 
the layered piezo unit 335, the latter is displaced in a 
direction opposite to the direction shown by arrow M3 in 
Fig.62. This raises the portion of the vforation plate 332 
in register with the pressurizing chamber 331C in a 
direction opposite to the direction shown by arow M3 
thus increasing the volume in the pressurizing chamber 
331 C. At this time, the meniscus at the distal end of the 
emission nozzle 333A is momentarily receded towards 
the pressurizing chamber 33 1C. However, if the dis- 
placement of the layered piezo unit 335 subsides, the 
meniscus is stabilized in the vicinity of the distal end of 
the emission nozzle 33A by equilibrium with the surface 
tension in readiness for ink emission. 

During ink emission, the driving voltage impressed 
across the layered piezo unit 335 is removed, as a result 
of which the layered piezo unit 335 is displaced in the 
direction of arrow M3 and hence the vibration plate 332 
is displaced in a direction indicated by arrow M3. This 
decreases the volume in the pressurizing chamber 331c 
for raising the pressure in the pressurizing chamber 
331 C to emit ink via emission nozzle 333A. It is noted 
that time changes of the driving voltage impressed 
across the layered piezo unit 335 are set so as to emit 
ink via emission nozzle 333A. 

In the present Ink jet printer* head 315. since the 
liquid supply duct 331 E is formed obliquely relative to 
the arraying direction of the pressurizing chambers 
331 C (the delivery surface of the ink buffer tank 336A), 
the length of the pressurizing chambers 331C in a direc- 
tion perpendicular to the arraying direction of the pres- 
surizing chambers 331 C can be made drastically 
shorter than in the conventional device, with the result 
that the ratio of the liquid supply duct 331 E in the Ink jet 
printer' head 315 in a direction perpendicular to the 
delivery direction of the pressurizing chambers 331 C 
can be made significantly smaller than in the conven- 
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tional device. 

If the length of the liquid supply duct 331E of 
approximately 2 mm is required for securing the flow 
path resistance necessary for emitting the ink, and the 
angle e between the centeriine C1 of the first flow path s 
31 E2 and the centeriine C2 of the second flow path 
31 E3 of the liquid supply duct 331 E is selected to be 70° 
as described above, the length of the liquid supply duct 
331 E in the direction perpendicular to the pressurizing 
chamber 331C is 2 mm x cos70° ■ 0.68 mm . Thus, w 
the length of the pressurizing chamber 331 C in the 
direction perpencOcular to the arraying direction of the 
pressurizing chambers 331 C can be reduced to not 
more than approximately 40% of that if the liquid supply 
duct 331 E is formed in a cfirection perpendicular to the is 
arraying direction of the pressurizing chambers 331 C 
(in a direction perpendicular to the delivery surface 
336A of the ink buffer tank 336). 

Therefore, the ratio of the liquid supply duct 331 E in 
the Ink jet printer* head 31 5 in a direction perpendicular 20 
to the arraying direction pf the pressurizing chambers 
331C can be decreased by not less than 60% of that 
realized in the conventional device. 

It is noted that since the liquid supply duct 331 E is 
formed on the opposite surface 33 1 B of the pressurizing 25 
chamber forming unit 331, and the orifice plate 333 is 
bonded by pressure bonding, instead of by an adhesive, 
to the opposite surface 331 B of the pressurizing cham- 
ber forming unit 31, the liquid supply duct 331 E is not 
stopped with an adhesive. Thus the flow path resistance 30 
of the liquid supply duct 331 E can be prevented from 
being increased to permit the ink to be emitted stably to 
improve reliability of the instant embodiment of the 
printer device 

Moreover, since the present Ink jet printer' head 35 
315 is of a layered structure comprised of the pressuriz- 
ing chamber forming unit 331 of stainless steel and the 
orifice plate 333 of resin, the amount of deformation of 
the orifice plate 333 on pressure application to the pres- 
surizing chamber 331 C can be made smaller than if the 40 
pressurizing chamber forming unit 331 and the orifice 
plate 333 are formed of a resin material thus enabling 
the ink to be emitted stably via emission nozzle 333A. 

Moreover, since the amount of deformation of the 
orifice plate 333 can be reduced, the pressure within the 4s 
pressurizing chamber 331 C can be increased effec- 
tively and stably, even if the voltage impressed across 
the layered piezo unit 335 is reduced, thus reducing the 
power consumption. 

In the above-described printer head of the printer so 
device, the liquid supply duct 331 E is made up of the 
first flow path portion 331 E2 and the second flow path 
portion 31 E3 formed obliquely rel^rve~to the arraying 
direction of the pressurizing chambers 33 1C. The first 
flow path portion 331 E2 communicates with the pressu- 55 
rizing chamber 33 1C and has a pre-set length in a 
direction perpendicular to the arraying direction of the 
pressurizing chambers 331 C. The second flow path 



portion 31 E3 is formed obliquely relative to the arraying 
direction of the pressurizing chambers 331 C so that the 
angle 9 between the centerGne C1 of the first flow path 
portion 331 E2 and the centeriine C2 of the second flow 
path portion 31 E3 will be equal to 70°. This reduces the 
ratio of the liquid supply duct 33 1E in the 'ink jet printer* 
head 315 in the direction perpendicular to the arraying 
direction of the pressurizing chambers 331 C by not less 
than about 60% of that achieved in the conventional 
device, thus reducing the size of the Ink jet printer* head 
315 for realizing a printer device of a smaller size. (2) 
Second Embodiment 

In the present embodiment, the present invention is 
applied to a 'carrier jet printer 1 device adapted for mixing 
a fixed amount of the ink to the dilution solution and 
emitting the resulting mixture, that is to sixth to eighth 
embodiments. 

(2-1) Structure of the 'carrier jet printer' Device 

Since the overall structure of the 'carrier jet printer* 
device of the instant embodiment is similar to the sec- 
ond embodiment corresponding to the first subject-mat- 
ter and the second subject-matter of the invention 
described above, the explanation is omitted for simplic- 
ity. That is, in the present embodiment of the 'carrier jet 
printer* device, the 'carrier jet printer' device as later 
explained is used in place of the above-described 
printer head 45. Also, since a controller similar to that 
described above is used in the present 'carrier jet 
printer' device, the corresponding explanation is also 
omitted for simplicity. The above-described driver oper- 
ation is carried out in the present 'carrier jet printer' 
device, such that the driving voltage impression timing 
as described above holds. Therefore, the corresponding 
explanation is similarly omitted for simplicity. 

(2-2) Structure of the 'carrier jet printer* head 

Figs.63, 64 show the structure of a 'carrier jet 
printer* head 355. 

Referring to Fig.63, the 'carrier jet printer* head 355 
is affixed by an adhesive, not shown, to a surface 371 A 
of a plate-shaped pressurizing chamber forming unit 
371 , whilst a plate-shaped orifice plate 373 is affixed to 
the opposite surface 371 B of the pressurizing chamber 
forming unit 371. A layered piezo unit 376, correspond- 
ing to the above-descrbed second piezoelectric device, 
and a layered piezo unit 377, corresponding to the 
above-described first piezoelectric device, are united to 
a surface 372A of the vibration plate 372 via lugs 374, 
376. 

" The pr^urizing - chamber forming~un]F 371 is a 
stainless steel plate having a thickness approximately 
equal to 0.2 mm. This pressurizing chamber forming 
unit 371 is formed with a first pressurizing chamber 
371 H, a first nozzle inlet opening 371 1, a first liquid sup- 
ply duct 371J, a dilution solution buffer tank 371 K and a 
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connection opening 371 L In addition, the pressurizing 
chamber loaning unit 371 is formed with a second pres- 
surizing chamber 371 C, a second nozzle inlet opening 
371 D, a second liquid supply duct 371 E. an ink buffer 
tank 371 F and a connection opening 371 G. 

The first pressurizing chamber 371 H is formed for 
being exposed from a mid portion in the direction of 
thickness of the pressurizing chamber forming unit 371 
towards the surface 371 A thereof. The first liquid supply 
duct 371J communicates with the first pressurizing 
chamber 371 H via opening 371 1 and is formed so as to 
be exposed to the opposite surface 371 B of the pressu- 
rizing chamber forming unit 371 . 

The first liquid supply duct 371J is formed for 
extending from a mid portion on the direction of thick- 
ness of the pressurizing chamber forming unit 371 so as 
to be exposed on the opposite side 371 B of the pressu- 
rizing chamber forming unit 371 . The first liquid supply 
duct 371J communicates with the first pressurizing 
chamber 371 H via opening 371 1 and is formed so as to 
be at a pre-set separation from the first nozzle inlet 
opening 371 1. 

The dilution solution buffer tank 371 K communi- 
cates with the first liquid supply duct 371J and is formed 
for being exposed to the opposite surface 371 B of the 
pressurizing chamber forming unit 371. Referring to 
Fig.64, the dilution solution buffer tank 371 K constitutes 
a sole piping carrying plural first liquid supply ducts 
371J, that is a dilution solution buffer tank 380 which is 
a dilution solution chamber common to all first pressu- 
rizing chambers 371 H. 

The connection opening 371 L communicates with 
the ink buffer tank 371 K and is formed for being 
exposed to the surface 371 A of the pressurizing cham- 
ber forming unit 371 . 

Referring to Fig.64, the first pressurizing chambers 
371 H is formed at an arraying pitch of 0.68 mm in a 
direction parallel to the longitudinal direction of the dilu- 
tion solution buffer tank 380. The first liquid supply duct 
371J is made up of a first dilution solution flow path 
371J2 of a pre-set length extending in a rection per- 
pendicular to the arraying direction of the first pressuriz- 
ing chamber 371 H and a second dilution solution flow 
path 371 J3 connected to the first dilution solution flow 
path 371J2 and which is formed obliquely to the array- 
ing direction of the first pressurizing chamber 371 H. 

The second dilution solution flow path 371J3 is 
formed obliquely to the arraying direction of the first 
pressurizing chamber 371 H so that the angle 612 
between the centerline C13 of the first dilution solution 
flow path 371 J2 and the centerline C 14 of the second 
dilution solution flow path 371J3 will be equal to 70°. 
Thus, the second dilution solution flow path 371 J3 of the 
first liquid supply duct 371J is also formed obliquely to 
the delivery surface 380A of the dilution solution buffer 
tank 380 (connection surface of the dilution solution 
buffer tank to the second dilution solution flow path 
37U3). Stated differently, part of the first liquid supply 



duct 371J is formed obliquely to the delivery surface 
380A which is the supply surface for stpplying the liquid 
from the dilution solution buffer tank 380 as the liquid 
supply source to the second dilution solution path 371 J3 

5 as the liquid supply source. 

Thus, with the present 'carrier jet printer' head 355, 
since the second dilution solution flow path 371 J3 of the 
first liquid supply duct 371J is formed obliquely to the 
arraying direction of the first pressurizing chambers 

w 371 K the length of the first liquid supply duct 371 J in 
the direction perpendicular to the arraying direction of 
the first pressurizing chambers 371 H is significantly 
shorter than in the conventional device. 

On the other hand, the width and the depth of the 

75 first liquid supply duct 371J are selected to be 0.1 mm 
as the second liquid supply duct 371 E as later 
explained, whilst the length of each first liquid supply 
duct 371J is selected to be approximately 2 mm. Thus, 
the flow path resistance values in the first liquid supply 

20 ducts 371J are set so as to be approximately equal to 
one another. Moreover, since the f irst liquid supply duct 
371 J is formed by etching, as will be explained subse- 5 
quently, the corner of the first liquid supply duct 371 J on 
the side of the first pressurizing chamber 371 H is ' 

25 formed to a radius of curvature of not less than 0.01 * 
mm. * 

The pressurizing chamber forming unit 371 is 
formed with the first pressurizing chamber 371 H, first ' 
nozzle inlet opening 371 1, first liquid supply duct 371 J, : 

30 dilution solution buffer tank 371 K and with the connec- 
tion opening 371 L for defining a hard member 371 P, a 
member 371 Q and a member 371 R. The hard member 
37P is contacted with the lower side of the first pressu- N 
rizing chamber 371 H, the lateral surface of the first noz- 

35 zle inlet opening 371 1, and the lateral surface of the first 
liquid supply duct 371 J and constitutes a portion of the 
opposite surface 371 B of the pressurizing chamber 
forming unit 371. The member 371 Q is contacted with 
the lateral surface of the first pressurizing chamber 

40 371 H t the upper surface of the first liquid supply duct 
371J and the lateral surface of the pressurizing cham- 
ber forming unit 371 , while the member 371 R is con- 
tacted with the lateral surface of the dilution solution 
buffer tank 371 K and the opposite lateral surface of the 

45 connection opening 371 L and constitutes part of the 
surface 371 A and the opposite surface 371 B of the 
pressurizing chamber forming unit 371 . 

The second pressurizing chamber 371 C is formed 
for being exposed from a mid portion in the direction of 

so thickness of the pressurizing chamber forming unit 371 
towards the lateral surface 371 A of the pressurizing 
chamber forming unit 371. The second nozzle inlet 
opening 37 1D is formed for communicating with the 
second pressurizing chamber 371C on the tower side of 

55 the second pressurizing chamber 37 1C and for being 
exposed towards the opposite surface 371 B of the pres- 
surizing chamber forming unit 371 . 

The second liquid supply duct 371 E is formed for 
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being exposed from a mid portion in the direction of 
thickness of the pressurizing chamber forming unit 371 
towards Hs opposite surface 371 B, while the second liq- 
uid supply duct 371 E communicates with the second 
pressurizing chamber 371 C via opening 371 E and is 
formed at a pre-set separation from the second nozzle 
inlet opening 371 D. 

The ink buffer tank 371 F is formed for communicat- 
ing with the second liquid supply duct 371 E and for 
being exposed to the opposite surface 371 B of the pres- 
surizing chamber forming unit 3371. Referring to Fig.64 ( 
the ink buffer tank 371 F constitutes a sole piping carry- 
ing plural second liquid supply ducts 371 E, that is an ink 
buffer tank 378 which is a dilution solution chamber 
common to all first pressurizing chambers 371 H. 

The connection opening 371Q communicates with 
the ink buffer tank 371 F and is formed for being exposed 
to the surface 371 A of the pressurizing chamber form- 
ing unit 371. 

Referring to Fig.64. the second pressurizing cham- 
bers 371 C are formed at an arraying pitch P11 of 0.68 
mm in a direction parallel to the longitudinal direction of 
the ink buffer tank 378. The second liquid supply duct 
371E is made up of a second ink flow path 371E2 of a 
pre-set length extending in a direction perpendicular to 
the arraying direction of the second pressurizing cham- 
ber 371 C and a second ink flow path 371 E3 connected 
to the second ink flow path 371 E2 and which is formed 
obliquely to the arraying direction of the second pressu- 
rizing chamber 371 C. 

The second ink flow path 371 E3 is formed obliquely 
to the arraying direction of the second pressurizing 
chamber 371 C so that the angle 61 1 between the cen- 
terline C1 1 of the second ink flow path 371 E2 and the 
centerline C1 2 of the second ink flow path 371 E3 will be 
equal to 70°. Thus, the second ink flow path 371E3 of 
the second liquid supply duct 371 E is also formed 
obliquely to the delivery surface 380A of the ink buffer 
tank 78A0 (connection surface of the ink buffer tank 378 
to the second ink flow path 371 E3). Stated differently, 
part of the second liquid supply duct 371 E is formed 
obliquely to the delivery surface 378A which is the sup- 
ply surface for supplying the liquid from the ink buffer 
tank 378 as the liquid supply source to the second ink 
path 371 E3 as the liquid supply source. 

Thus, with the present 'carrier jet printer 1 head 355, 
since the second ink flow path 371 E3 of the second liq- 
uid supply duct 371 E is formed obliquely to the arraying 
direction of the second pressurizing chambers 371 C, 
the length of the second liquid supply duct 371 E in the 
direction perpendicular to the arraying direction of the 
second pressurizing chambers 371 C is significantly 
"shortertharfirTthe conventiohardevica 

On the other hand, the width W1 1 and the depth 
d1 1 of the second liquid supply duct 371 E are selected 
to be 0.1 mm as the second liquid supply duct 371 E as 
later explained, whilst the length of each second liquid 
supply duct 371E is selected to be approximately 2 mm. 



as shown in Fig.65 which is a cross-sectional view taken 
along line C-C' of Rg.64. Thus, the flow path resistance 
values in the second liquid supply ducts 371J are set so 
as to be approximately equal to one another. Moreover, 

5 since the second liquid supply duct 371J is formed by 
etching, as will be explained subsequently, the corner of 
the second liquid supply duct 371 E on the side of the 
second pressurizing chamber 371 C is formed to a 
radius of curvature of not less than 0.01 mm. 

10 The pressurizing chamber forming unit 371 is 
formed with the second pressurizing chamber 371 C, 
second nozzle inlet opening 371 D, second liquid supply 
duct 371 E, ink buffer tank 371 F and with the connection 
opening 371G for defining a hard member 371 M, a 

is member 371 N and a member 371 0. The hard member 
371 M is contacted with the lower side of the second 
pressurizing chamber 371 C. the lateral surface of the 
second nozzle inlet opening 371 D, and the lateral sur- 
face of the second liquid supply duct 371 E and consti- 

20 tutes a portion of the opposite surface 371 B of the 
pressurizing chamber forming unit 371. The member 
371 N is contacted with the lateral surface of the second 
pressurizing chamber 371 C, the upper surface of the 
second liquid supply duct 371 E and the lateral surface 

25 of the pressurizing chamber forming unit 371 , while the 
member 371 0 is contacted with the lateral surface of 
the ink buffer tank 371 F and the opposite lateral surface 
of the connection opening 371 G and constitutes part of 
the surface 371 A and the opposite surface 371B of the 

30 pressurizing chamber forming unit 371 . 

There is also formed a member 371 S surrounded 
by the opposite lateral surface of the second pressuriz- 
ing chamber 371 C. the opposite lateral surface of the 
second nozzle inlet opening 371 D, the opposite lateral 

35 surface of the first pressurizing chamber 371 H and by 
the opposite lateral surface of the first nozzle inlet open- 
ing 371 1 for forming part of the lateral surface 371 A and 
the opposite lateral surface 371 B f the pressurizing 
chamber 371 . 

40 On the opposite surface 371 B of the pressurizing 
chamber forming unit 371 is bonded, by thermal pres- 
sure bonding, an orifice plate 373 for overlying the first 
nozzle inlet opening 3711, first liquid supply duct 371 J, 
dilution solution buffer tank 171K, second nozzle inlet 

45 opening 371 D, second liquid supply duct 371 E and the 
ink buffer tank 371 F. This orifice plate 3373 is formed of 
the above-mentioned Neoflex having the thickness of 
approximately 50 \im and the glass transition tempera- 
ture of not higher than 250°C. 

so This orifice plate 373 is formed with a quantitation 
nozzle 373A having a pre-set diameter for emitting a 
pre-set amount of ink supplied from the second pressu- 
rizing chamber 57TC~via second nozzle~inlet opening - 
371 D. This quantitation nozzle, communicating with the 

55 second nozzle inlet opening 371D, is formed obliquely 
for being directed to the emission nozzle 373B which 
will be explained subsequently. This orifice plate 373, 
communicating with the first nozzle inlet opening 371 1, 



52 

3NSDOOD: <EP 0829355A1_I_> 



103 



EP 0 829 355 A1 



104 



is of a circular cross-section and is formed with an emis- 
sion nozzle 373B having a pre-set diameter for emitting 
a pre-set amount of the dilution solution suppfied from 
the first pressurizing chamber 371 H via first nozzle inlet 
opening 371 1. Since the orifice plate 373 of Neof lex has $ 
the quantitation nozzle 373A and the emission nozzle 
373B, chemical stability of the ink and the dilution solu- 
tion is assured. 

The second nozzle inlet opening 371 D and the first 
nozzle inlet opening 371 1 are formed so as to be larger io 
in diameter than the quantitation nozzle 373A and the 
emission nozzle 373B. 

On the surface 371 A of the pressurizing chamber 
forming unit 371 is bonded a vfcratton plate 372 of e.g., 
nickel, such as with an epoxy based adhesive, for over- 75 
lying the first pressurizing chamber 371 H and the sec- 
ond pressurizing chamber 371 C. 

The printer head 355 of the instant embodiment of 
the 'carrier jet printer* device includes a pressurizing 
chamber forming unit 371 formed with the first pressu- 20 
rizing chamber 371 H, second pressurizing chamber 
371 C and the first and second liquid supply ducts 371J 
and 371 E. a vibration plate 372 arranged for overlying 
the first and second pressurizing chambers 371 H and 
371 C, layered piezo units 377, 376 as piezoelectric 2s 
devices arranged in register with the first and second 
pressurizing chambers 371 H, 371 C via vibration plate 
372, hard members 373P and 373M formed with first 
and second nozzle inlet openings 371 1 and 371 D, and 
an orifice plate 373 formed with an emission nozzle 30 
373B and a quantitation nozzle 373A. The liquid supply 
duct 371J, supplying the liquid to the first pressurizing 
chamber 371 H communicating with the quantitation 
nozzle 373B, is formed obliquely relative to the arraying 
direction of the first pressurizing chambers 371 H and to 3s 
a delivery surface 380A operating as a supply surface 
for supplying the liquid from the dilution solution buffer 
tank 380K as a solution supply source to the first liquid 
supply duct 371J. On the other hand, the second liquid 
supply duct 371 E, supplying the liquid to the second 4o 
pressurizing chamber 371 C communicating with the 
quantitation nozzle 373B, is formed obliquely relative to 
the arraying direction of the second pressurizing cham- 
bers 371 C and to a delivery surface 378A operating as 
a supply surface for supplying the liquid to the from an 4s 
ink buffer tank 378 as a liquid supply source to the sec- 
ond liquid supply duct 371 E. 

Thus, the length of the first and second liquid sup- 
ply ducts 371 J and 371 E in a direction normal to the 
supply direction or the arraying direction of the first and so 
second pressurizing chambers 371 H. 371 C becomes 
shorter to reduce the size of the device. Also, since the 
first liquid supply duct 371J communicating with the 
emission nozzle 373B via first pressurizing chamber 
371 H is formed obliquely relative to the supply surface ss 
for supplying the liquid to the liquid supply ducts from 
the liquid supply source or to the arraying direction of 
the first pressurizing chambers 371 h, the length of the 



first liquid supply duct 371J is assured to some extent 
thus assuring the vigor in emission. 

This vforation plate 372 is formed with through- 
holes 372B, 372C in register with the connection open- 
ings 371 G, 371 L in the pressurizing chamber forming 
unit 371 . Into these through-holes 372B, 372C are fitted 
an ink supply duct 379 and a dilution solution supply 
duct 381 connected to an ink tank and to a cfilution solu- 
tion tank, not shewn, respectively. Thus, the ink sup- 
plied form the ink tank via ink supply duct 379 and ink 
buffer tank 378 to the second liquid supply duct 371 E is 
charged into the second pressurizing chamber 371 C, 
whilst the dilution solution supplied from the dilution 
solution tank via dilution solution supply duct 381 and 
dilution solution buffer tank 380 is charged into the first 
pressurizing chamber 371 H. 

On the surface 372A of the vforation plate 372 are 
formed plate-shaped protrusions 375 and 374 in regis- 
ter with the first pressurizing chamber 371 H and the 
second pressurizing chamber 371 C, respectively. On 
these protrusions 375, 374 are affixed layered piezo 
units 377, 376, by an adhesive, not shown, respectively 
The protrusions 375, 374 are selected to be smaller in 
size than the surfaces 377 A. 376A on which are bonded 
the protrusions 375. 374 of the layered piezo units 377, 
376 or the opening areas of the first pressurizing cham- 
ber 371 H and the second pressurizing chamber 371 C, 
respectively. 

The layered piezo unit 377 is made up of piezoelec- 
tric members and electrically conductive members lay- 
ered together alternately in a direction parallel to the 
surface of the vforation plate 372 and bonded by an 
adhesive to the adherent surface of the protrusion 375. 
The numbers of the piezoelectric members and the 
electrically conductive members may be selected arbi- 
trarily. 

rf a driving voltage is impressed across the layered 
piezo unit 377, the latter is displaced in a direction oppo- 
site to the arrow M4 and rased with the portion thereof 
bonded to the protrusion 375 of the vtoration plate 372 
as center for increasing the volume of the f irst pressuriz- 
ing chamber 371 H. 

If the driving voltage ceases to be applied across 
the layered piezo unit 377, the latter is displaced in a 
direction indicated by arrow M4 to thrust the protrusion 
375 to warp the vibration plate 372 to decrease the vol- 
ume of the first pressurizing chamber 371 H to increase 
the pressure in the first pressurizing chamber 371 H. 
Since the protrusion 375 is selected to be smaller than 
the opening area of the first pressurizing chamber 
371 H. displacement of the layered piezo unit 377 can be 
transmitted in a concentrated manner to a position of 
the vibration plate 372 in register with the first pressuriz- 
ing chamber 371 H. 

In the 'carrier jet printer* printer head 155, shown in 
Fig.64, plural sets each of the first pressurizing cham- 
bers 371 H. first nozzle inlet openings 371 1, first solution 
supply ducts 371J, emission nozzles 373B, second 
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pressurizing chambers 371 C. second nozzle inlet open- 
ings 371 D, second solution supply ducts 371 E and the 
quantitation nozzles 373A are formed. The protrusions 
375, layered piezo unit 377, protrusions 374 and the lay- 
ered piezo units 376 are provided in association with 5 
each of the first pressurizing chamber 371 H and the 
second pressurizing chamber 371 C. 

(2-3) Method for producing 'carrier jet' printer head 

10 

The method for producing a 'carrier jet printer* head 
355 is explained with reference to Fig.66. 

Referring first to Fig.66A, a photosensitive dry film 
or a resist such as a liquid resist material is coated on a 
surface 382A of a plate 382 of stainless steel approxi- is 
mately 0.2 mm thick. Then, pattern light exposure is car- 
ried out using a mask patterned in meeting with the 
second pressurizing chamber 371 C, connection open- 
ing 371 G, first pressurizing chamber 371 H and the con- 
nection opening 371 U while a photosensitive dry film or 20 
a resist such as a liquid resist material is applied to the 
opposite surface 382B of the plate 382. Then, pattern 
light exposure is carried out using a mask patterned in 
meeting with the second nozzle inlet opening 371 D, 
second liquid supply duct 371 E, ink buffer tank 371 F, 2s 
first nozzle inlet opening 371 1, first liquid supply duct 
371 J and the dilution liquid buffer tank 371 K for forming 
resists 383. 384. 

Then, as shown in Fig.66B, the plate 382 is etched 
by immersing it in an etching solution comprised of for 30 
example an aqueous solution of ferrous chloride for 
forming the second pressurizing chamber 371 C, con- 
nection opening 371 C, first pressurizing chamber 371 H 
and the connection opening 371 L in the surface 382 A of 
the plate 382. The second nozzle inlet opening 371 D, 35 
second liquid supply duct 371 E, ink buffer tank 371 F, 
first nozzle inlet opening 371 1, first liquid supply duct 
371 J and the dilution liquid buffer tank 371 K are formed 
in the opposite surface 382B if the plate 382 for forming 
the pressurizing chamber forming unit 371 . At this time, 40 
the hard member 371 P is formed between the first noz- 
zle inlet opening 371 1 and the dilution liquid buffer tank 
371J while the hard member 371 M is formed between 
the second nozzle inlet opening 371 D and the ink buffer 
tank 371 E. 45 

The etching quantity is selected so that the etching 
amount from the sole side of the plate 382 will be 
approximately slightly larger than one-half the thickness 
of the plate 382. If, for example, the plate material 382 is 
selected to be 0.2 mm, the etching amount from one so 
surface of the plate material is selected to be approxi- 
mately 0.11 mm. This improves dimensional accuracy 
of the f irst7>ressurizingxto 

371 U first nozzle inlet port 371 1, first liquid supply duct 
371J, cfilution solution buffer tank 371 K, second pressu- ss 
rizing chamber 371 C, connection port 371 G, second 
nozzle inlet opening 371 D, second liquid supply duct 
371 E and the ink buffer tank 371 F to enable these com- 



ponents to be produced in stability. 

Since the etching amount from the one side of the 
plate material 382 is the same, the etching condition for 
forming the first pressurizing chamber 371 H, connec- 
tion port 371 U second pressurizing chamber 371 C and 
the connection port 371 G on one surface side 382A of 
the plate material 382 can be set so as to be the same 
as the etching conditions for forming the first nozzle inlet 
opening 371 1, first liquid supply duct 371J, dilution liquid 
buffer tank 371 K. second nozzle inlet opening 371 D, 
second liquid supply duct 371 E and the ink buffer tank 
371 F, thus enabling the process of Fig.66B to be per- 
formed easily in a short time. 

The first nozzle inlet opening 3711 and the second 
nozzle inlet opening 371 D are set so as to be larger in 
diameter than the emission nozzle 373B or the quantita- 
tion nozzle 373A so as not to affect pressure increase in 
the first pressurizing chamber 371 H or in the second 
pressurizing chamber 371 C on pressure application on 
the first pressurizing chamber 371 H or on the second 
pressurizing chamber 371 C. 

The resists 383. 384 are then removed, as shown in 
Fig.66C. If, in this case, dry film resists are used as the 
resists 383, 384, the aqueous solution of sodium 
hydroxide with a concentration of 5% or less is used. If 
the liquid resist material is used, a dedicated alkali solu- 
tion is used. 

The resin member 385 of Neoflex, having a thick- 
ness of approximately 50 urn and the glass transition 
temperature of not higher than 250°C, is affixed by ther- 
mal bonding to the opposite surface 371 B of the pressu- 
rizing chamber forming unit 371 . In this case, bonding is 
by applying a pressure on the order of 20 to 30 kgf/cm2 
at a press-working temperature of approximately 230°C. 
This increases the bonding strength between the pres- 
surizing chamber forming unit 371 and the resin mem- 
ber 385 while realizing efficient bonding. 

Since the emission nozzle 373A or the emission 
nozzle 373B is not formed in this case in the resin mem- 
ber 333 A, the bonding process can be simplified to an 
extent that high registration accuracy is not required in 
the step of bonding the resin member 341 to the pressu- 
rizing chamber forming unit 371 shown in Fig.66C. 
Moreover, since the resin member 385 is bonded to the 
pressurizing chamber forming unit 371 in the state of 
Fig.66C without employing an adhesive, it becomes 
possible to prevent the adhesive from stopping the liq- 
uid supply duct 371 E. 

Then, as shown in Fig.61 D, exctmer laser light is 
illuminated perpendicularly from one surface 371 A of 
the pressurizing chamber forming unit 371 to the resin 
member 385 via the first pressurizing chamber 33 1H 
and Tlhe nozzlelnlet opening~37lTfor forming the~ernis- 
sion nozzle 373B on the resin member 385. The orifice 
plate 373 is produced by obliquely radiating the excimer 
laser obliquely to the resin member 385 to the quantita- 
tion nozzle 373A from the surface 371 A of the pressu- 
rizing chamber forming unit 371 via the second 
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pressurizing chamber 371 C and the second nozzle inlet 
opening 371 D for forming the quantitation nozzle 373A 
in the resin member 385. 

Since the resin member 385 is used, the quantita- 
tion nozzle 373A and the emission nozzle 373B can be s 
formed easily. Since the first nozzle inlet opening 3711 
and the second nozzle inlet opening 371 D are larger in 
diameter than the emission nozzle 373B and the quan- 
titation nozzle 3 73 A, respectively, registration accuracy 
between the resin member 385 and the pressurizing io 
chamber forming unit 371 during laser working can be 
made less stringent while the risk of the laser light 
being shielded by the pressurizing chamber forming unit 
371 during laser working can be evaded. 

Then, as shewn in Fig.66E, a vforation plate 372 is 
pre-formed with the protrusions 374. 375 is bonded to 
the surface 371 A of the pressurizing chamber forming 
unit 371 using, for example, an epoxy-based adhesive. 
Since the first liquid supply duct 371J and the second 
liquid stpply duct 371 E are formed on the opposite sur- 20 
face 371 B of the pressurizing chamber forming unit 371 , 
the first liquid supply duct 371 J and the second liquid 
supply duct 371 E can be prevented from being stopped 
by the adhesive during the step of bonding the vfcration 
plate 332. Thus, the flow path resistance of the first liq- 2s 
uid supply duct 371J and the second liquid supply duct 
371 E due to stopping by the adhesive can be prevented 
from being increased to improve reliability of the printer 
device. 

Since the first liquid supply duct 371J and the sec- 30 
ond liquid supply duct 371 E are formed on the opposite 
surface 371 B of the pressurizing chamber forming unit 
371. the latitude of selection of the adhesive used for 
affixing the vibration plate 372 to the pressurizing cham- 
ber forming unit 371 can be made wider than in the con- as 
ventional device. 

For bonding the vibration plate 372 to the surface 
371 A of the pressurizing chamber forming unit 371 . the 
process of bonding the vibration plate 372 can be sim- 
pler than in the conventional device since it suffices to 40 
take into account only the registration between the 
through-hole 372B of the vibration plate 372 and the 
connection opening 371 G. registration between the 
through-hole 372C and the connection opening 371 L, 
registration between the protrusion 374. layered piezo 45 
unit 376 and the second pressurizing chamber 371 C 
and registration between the protrusion 375. layered 
piezo unit 377 and the first pressurizing chamber 371 H. 

Then, as shown in Fig.66F. the layered piezo units 
376. 377 are affixed to the protrusions 376, 377 using so 
e.g., an epoxy-based adhesive, and the ink supply duct 
379 and the dilution solution supply duct 381 are 
bonded to the vibration plate 372 in register with the 
through-holes 372B. 372C of the vibration plate 372. 
This produces the 'ink jet printer* head 355. ss 

In the present 'carrier jet printer* head 355, since 
the second liquid supply duct 371 E and the first liquid 
supply duct 37 1J in the 'carrier jet printer' head 355 is 



smaller in area than in the conventional device, a larger 
number of heads than in the conventional device can be 
formed at a time in a process in which an area that can 
be processed at a time is limited, such as the light expo- 
sure development process in Fig.66A, etching process 
in the process in Fig.66B or in the thermal bonding proc- 
ess for the resin member 385 shown in Fig.66C. without 
the necessity of varying the processing area that can be 
processed at a time, thus improving the efficiency of the 
fabricating process for reducing the cost. 

(2-4) Operation and effect of the second embodiment 

If, in the above structure of the 'carrier jet printer' 
head 355. a pre-set driving voltage s applied across the 
layered piezo units 376, 377, the latter units are dis- 
placed in an opposite direction to the direction shown by 
arrow M4 in Fig.67A. Since this raises the portion of the 
vibration plate 372 in register with the second pressuriz- 
ing chamber 371 C and the first pressurizing chamber 
371 H. the second pressurizing chamber 371 C and the 
first pressurizing chamber 371 H are increased in vol-^ 
ume. 

If the second pressurizing chamber 371 C and the 0 
first pressurizing chamber 371 H are increased in vol- ; 
ume. the meniscus of the quantitation nozzle 373A and 
the emission nozzle 373B is momentarily receded 
towards second pressurizing chamber 371 C and the 
first pressurizing chamber 371 H. However, if the dis- ' 
placement of the layered piezo units 376, 377 subsides, 
the meniscus is stabilized in the vicinity of the distal ' 
ends of the quantitation nozzle 373A and the emission 
nozzle 373B by equilibrium with the surface tension in 
readiness for ink emission. 

During ink quantitation, the driving voltage 
impressed across the layered piezo unit 376 is annulled, 
as a result of which the layered piezo unit 376 is dis- 
placed in the direction of arrow M4 and hence the vibra- 
tion plate 372 is displaced in a direction indicated by 
arrow M4. This decreases the volume in the second 
pressurizing chamber 371 C for raising the pressure in 
the second pressurizing chamber 371 C. 

Since time changes of the driving voltage applied to 
the layered piezo unit 376 are moderately set to prevent 
f light of ink from the quantitation nozzle 373 A, the ink is 
extruded without making flight from the quantitation 
nozzle 373A. 

Since the voltage value on annulling the driving 
voltage impressed across the layered piezo unit 376 is 
set to a value associated with the gradation of picture 
data, the ink amount extruded from the distal end of the 
quantitation nozzle 373A is consistent with picture data. 

The ink extruded from the quantitation nozzle 373A 
is contacted and mixed with the dilution solution forming 
a meniscus in the vicinity of the distal end of the emis- 
sion nozzle 373B. 

During ink emission, the driving voltage impressed 
across the layered piezo unit 377 is annulled, as a result 
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of which the layered piezo unit 377 is displaced in the 
direction of arrow M4 as shown in Rg.67C for displacing 
the vforation plate 372 in the direction of arrow M4. This 
reduces the pressure in the first pressurizing chamber 
371 H to increase the pressure therein, as a result of s 
which the mixed solution having ink concentration con- 
sisting with the picture data is emitted from the emission 
nozzle 373B. It is noted that time changes of the driving 
voltage applied across the layered piezo unit 377 are 
set so as to permit emission of the mixed solution via w 
emission nozzle 373B. 

In the above structure of the 'carrier jet printer* head 
355, since the second liquid supply duct 371 E and the 
and the first liquid supply duct 371J are formed 
obliquely relative to the arraying direction of the second is 
pressurizing chamber 371 and the first pressurizing 
chamber 371 H, that is the delivery surface 378A of the 
ink buffer tank 378 and the delivery surface 380A of the 
dilution solution buffer tank 380, respectively, the 
lengths of the second liquid supply duct 371 E and the so 
and the first liquid supply duct 371J in a direction per- 
pendicular to the arraying directions of the second pres- 
surizing chamber 371 and the first pressurizing 
chamber 371 H can be made shorter than in the conven- 
tional device. Thus, the proportion of the lengths of the 2s 
second liquid supply duct 371 E and the first liquid sup- 
ply duct 371J in the 'carrier jet printer* head 355 in the 
arraying directions of the second pressurizing chamber 
371 and the first pressurizing chamber 371 H can be 
reduced significantly than in the conventional device. 30 

if the length of the second liquid supply duct 371 E 
of approximately 2 mm is required for securing the flow 
path resistance necessary for emitting the ink, and the 
angle 6 between the centerline C1 1 of the first flow path 
371 E2 and the centerline C 12 of the second flow path 35 
371 E3 of the second liquid supply duct 371 E is selected 
to be 70° as described above, the length of the 
second liquid supply duct 371 E in the direction per- 
pendicular to the second pressurizing chamber 371 C is 
2 mm x cos70° « 0.68 mm . Thus, the length of the 4C 
second pressurizing chamber 371 C in the direction per- 
pendicular to the arraying direction of the second pres- 
surizing chambers 371 C can be reduced to not more 
than approximately 40% of that if the second liquid sup- 
ply duct 371 E is formed in a direction perpendicular to 4s 
the arraying direction of the second pressurizing cham- 
bers 371 C (in a direction perpendicular to the delivery 
surface 378A of the ink buffer tank 378). 

Therefore, the ratio of the second liquid supply duct 
371 E in the 'ink jet printer* head 355 in a direction per- so 
pendicutar to the arraying direction of the second pres- 
surizing chambers 371 C can b decreased by not less 
tharT60%of that realized irTthe conventional device! 

Similarly, if the length of the first liquid supply duct 
371J of approximately 2 mm is required for securing the 55 
flow path resistance necessary for emitting the ink. and 
the angle e between the centerline C13 of the first flow 
path 371J and the centerline C14 of the first flow path 



371J3 of the first liquid supply duct 371 E is selected to 
be 70° as described above, the length of the first 
liquid supply duct 371J in the direction perpendicular 
to the first pressurizing chamber 371 H is 
2mm xcos70° = 0.68 mm . Thus, the length of the first 
pressurizing chamber 371 H in the direction perpendicu- 
lar to the arraying direction of the first pressurizing 
chambers 371 H can be reduced to not more than 
approximately 40% of that if the first liquid supply duct 
371 E is formed in a direction perpendicular to the array- 
ing direction of the first pressurizing chambers 371 H (in 
a direction perpendicular to the delivery surface 380A of 
the dilution solution buffer tank 380). 

Therefore, the ratio of the first liquid supply duct 
371J in the 'carrier jet printer* head 355 in a direction 
perpencficular to the arraying direction of the first pres- 
surizing chambers 371 H can b decreased by not less 
than 60% of that realized in the conventional device. 

In the case of the carrier jet printer' head 355. since 
the proportion of the second liquid supply duct 371 E 
and the first liquid supply duct 371J in a direction per- 
pendicular to the arraying direction of the second pres- 
surizing chamber 371 C and the first pressurizing 
chamber 371 H can be reduced by not less than approx- 
imately 60%, the ratio in the head can be reduced more 
significantly than is possible in the conventional device. 
Therefore, with the 'carrier jet printer' device, the effect 
proper to the present invention can be increased as 
compared to that possible in the conventional device 

Since the second liquid supply duct 371 E and the 
first liquid supply duct 371J are formed on the opposite 
surface 371 B of the pressurizing chamber forming unit 
371, and the orifice plate 373 is affixed to the opposite 
surface 371 B of the solution chamber forming member 
73 by thermal pressure bonding instead of by an adhe- 
sive, there is no risk of the second liquid supply duct 
371 E and the first liquid supply duct 371J being stopped 
with the adhesive. 

Since the flow path resistance in the second liquid 
supply duct 371 E and the first liquid supply duct 371 J 
can be prevented n this manner from being increased, 
the mixed solution having ink concentration consistent 
with the picture data can be emitted in stability thus 
assuring high reliability of the instant embodiment of the 
printer device. 

Also, since the present 'carrier jet printer' head 355 
is formed by a layered structure of the pressurizing 
chamber forming unit 371 of stainless steel and the ori- 
fice plate 373 of resin, the amount of deformation of the 
orifice plate 373 on impressing the pressure to the first 
pressurizing chamber 371 H and the second pressuriz- 
ing chamber 371 C can be rendered smaller than rf the 
"pressurizing chamber forming unit~371 and "the" orifice 
plate 373 are formed of a resin material. Thus, the 
amount of ink corresponding to the picture data can be 
effectively and stably extruded via the quantitation noz- 
zle 373A, while the mixed solution having the ink con- 
centration coincident with the picture data can be 
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effectively and stably emitted via emission nozzle 373B. 

Since the hard members 373P, 373M are formed on 
the lower surfaces of the first pressurizing chamber 
371 H and the second pressurizing chamber 371 C, the 
amount of ink corresponding to the picture data can be 
more effectively and stably extruded via the quantitation 
nozzle 373 A. while the mixed solution having the ink 
concentration coincident with the picture data can be 
more effectively and stably emitted via emission nozzle 
373a 

Since the amount of deformation of the orif ice plate 
373 can be reduced, the pressure within the second 
pressurizing chamber 371 C and the first pressurizing 
chamber 371 H can be effectively and stably increased 
to save power consumption even if the amount of volt- 
age applied across the layered piezo units 376, 377 is 
reduced. 

In the above-descried printer head of the printer 
device, the f irst liquid supply duct 371J is constituted by 
the first dilution solution flow path 371J2 of a pre-set 
length extending in a direction perpendicular to the 
arraying direction of the first pressurizing chambers 
371 H for communicating with the first pressurizing 
chamber 371 H and the second dilution solution flow 
path 371J3 formed obliquely to the arraying direction of 
the first pressurizing chambers 371 H, while the second 
dilution solution flow path 371J3 is formed obliquely to 
the arraying direction of the first pressurizing chambers 
371 H so that the angle 812 between the centerline C13 
of the first dilution solution flow path 371 J2 and the cen- 
terline C14 of the second dilution solution flow path 
371J3willbe70°. 

Also, in the printer head of the printer device, the 
second liquid supply duct 371 E is constituted by the first 
dilution solution flow path 371 E2 of a pre-set length 
extending in a direction perpendicular to the arraying 
direction of the second pressurizing chambers 371 C for 
communicating with the second pressurizing chamber 
371 C and the second dilution solution flow path 371 E3 
formed obliquely to the arraying direction of the second 
pressurizing chambers 371 C, while the second dilution 
solution flow path 371 E3 is formed obliquely to the 
arraying efirection of the second pressurizing chambers 
371 C, so that the angle 61 1 between the centerline C1 1 
of the first cfilution solution flow path 371 E2 and the cen- 
terline C12 of the second dilution solution flow path 
371 E3 will be 70°. 

In the case of the 'carrier jet printer* head 355, since 
the proportion of the first liquid supply duct 371 J and the 
second liquid supply duct 371 E in a direction perpendic- 
ular to the arraying directions of the first pressurizing 
chamber 371 H and the second pressurizing chamber 
37 1C, respectively can be reduced by not less than 
approximately 60%, thus reducing the size of the 'carrier 
jet printer* head 355 for realizing a printer device smaller 
in size than with the conventional device. 



(3) Alternative Embocfiment 

In the above-described first embodiment, the orifice 
plate 333 of Neoflex having the glass transition temper- 
5 ature not higher than 250°C is used. The present inven- 
tion is, however, not limited to this embodiment but may 
also be applied to an orifice plate 391 shown in Fig.68 
for realizing the effect similar to that of the first embodi- 
ment 

10 The orifice plate 391 is comprised of second resin 
392 of Capton (trade name) manufactured by DU PONT 
with a thickness of approximately 125 jim and a glass 
transition temperature of not lower than 250°C and a 
first resin 393 of Neoflex with a thickness of approxi- 

75 mately 7 nm and a glass transition temperature of not 
lower than 250°C. In this case, an emission nozzle 391 A 
communicating with the nozzle inlet opening 331 D is 
formed in the orifice plate 391 . 

Therefore, since the orifice plate 391 is thicker than 

20 the orifice plate 333, a sufficient strength of the orifice 
plate 391 can be assured as compared to the orifice 
plate 333, whilst the ink drop emitted may be improved 
in directivity because of the increased length of the 
emission nozzle 333A. 

25 Although the Ink jet printer* head 315 adapted for 
applying pressure against the pressurizing chamber' 
331 C using the layered piezo unit 335 is used in the 
above-described first embodiment, the present inven- 
tion is not limited to this embodiment but may also use 

30 an 'ink jet printer' head 400 for achieving the effect sim- 
ilar to that of the first embodiment. The Ink jet printer* 
head 400 is shown in Ftgs.69 and 70 in which the same 
reference numerals as those used in Fig. 58 are used to 
depict the same parts. Fig.69 shows the cross-section 

35 taken along line D-D' in Fig.70. 

With the present Ink jet printer' head 400, a vibra- 
tion plate 401 is formed on the surface 331 A of the 
vibration plate 332 in register with the pressurizing 
chamber 331 C and a plate-shaped piezoelectric device 

40 402 is layered on the vtoration plate 401 . 

The direction of voltage application and polarization 
of the piezoelectric device 402 is set so that, on voltage 
application across the piezoelectric device 402. the lat- 
ter is contracted in the in-plane direction of the vibration 

45 plate 401 so as to be flexed in the direction of arrow M3. 
Thus, in the present Ink jet printer* head 400, if the 
driving voltage is applied across the piezoelectric 
device 402, the latter is flexed from the initial state 
shown in Fig .40 A in a direction shown by arrow M3 as 

so shown by arrow M3 in Rg.40B to thrust the vibration 
ptate 401 to warp the vibration plate 332. This 
decreases the volume in the pressurizing chamber 
331 C to raise the pressure therein to emit ink via emis- 
sion nozzle 333A. 

55 In this case, time changes of the driving voltage 
impressed across the piezoelectric device 402 are 
selected to be of a voltage waveform to enable the ink to 
be emitted via emission nozzle 333 A. 
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In the Ink jet printer' head 400, since a single-plate 
type piezoelectric device 402 is used in place of the lay- 
ered piezo unit 335, the pressurizing chamber 331 C 
needs to be larger than in the Ink jet printer* head 315. 

However, if the area of the pressurizing chamber s 
331 C in the Ink jet printer' head 400 becomes larger, 
the proportion of the liquid supply duct 33 1 E in the liquid 
supply duct 331 E in a direction perpendicular to the 
arraying direction of the pressurizing chambers 33 1C 
can be reduced, such that, if the single-plate type piezo- w 
electric device 402 is used as means for applying the 
pressure against the pressurizing chamber 331 C, it 
becomes possfcle to prevent the Ink jet printer' head 
400 from being increased in size in its entirety. 

In the above-descrfoed first embodiment the sec- is 
ond flow path 331 E3 is formed obliquely relative to the 
arraying <fi recti on of the first pressurizing chambers 
331 C so that the angle between the centeriine C1 of the 
first flow path 331 E2 and the centeriine C2 of the sec- 
ond flow path 331 E3 will be 70°. The present invention, 20 
however, is not limited to this embodiment since any 
other angle e from 45° to 80° between the centeriine C1 
of the first flow path 331 E2 and the centeriine C2 of the 
second flow path 331E3 may be used. 

If the arraying pitch P1 of the pressurizing cham- 25 
bers 331 C is selected to be 0.68 mm and the angle 0 is 
set to 70°. as in the first embodiment, the separation d2 
of the cerrterlines C2 of the second flow paths 331 E3 of 
the liquid supply ducts 331 E shown in Fig.60 is on the 
order of 0.68 mm x cos70° = 0.23 mm . Thus, if the 30 
width W1 of the liquid supply duct 331 E is selected to be 
0. 1 mm, the separation d3 of the second flow path 31 E3 
of the liquid supply duct 331 E in Fig.60 can be selected 
to be approximately 0.13 mm, so that, when bonding the 
resin member 341 to the pressurizing chamber forming 35 
unit 331, ink leakage between the liquid supply ducts 
331 E need scarcely to be taken into account, thus sim- 
plifying the bonding process for the resin member 341 . 

If, in the above-described first embodiment, the 
angle 6 is selected to be 80°, the separation d2 of the 40 
centerlines C2 of the second flow paths 331E3 of 
the liquid supply ducts 331 E is of the order of 
0.68 mm x cos80° = 0.12 mm . Therefore, the separa- 
tion d3 of the second flow paths 331 E3 of the liquid sup- 
ply ducts 331 E is approximately 0.02 mm, so that it 45 
becomes necessary to take into account the ink leak- 
age between the liquid supply ducts 331 E in the proc- 
ess of bonding the resin member 341 . The result is that 
the bonding process of the resin member 341 becomes 
complex such that high-precision etching process is so 
required in the manufacturing process shown in Fig.61 . 

Also, if the angle 6 is selected to be 45°, the propor- 
tion of the liquid supply duct 331 Ein the ink jet printer 
head 315 in a direction perpendicular to the arraying 
direction of the pressurizing chambers 331 C can be ss 
reduced by approximately 30%. 

In the above embodiment the diameter of the noz- 
zle inlet opening 331 D is set so as to be larger by 



approximately 30 to 150 jim than that of the emission 
nozzle 33 A. The present invention, however, is not lim- 
ited to this embodiment such that the diameter of the 
nozzle inlet opening 331D may be set so as to be larger 
than that of the emission nozzle 33A by an optional 
other value provided that pressure rise in the pressuriz- 
ing chamber 331 C is not affected by pressure applica- 
tion across the pressurizing chamber 331 C. 

In the above-descrtoed first embodiment the liquid 
supply duct 31 E is formed on the opposite surface 31 B 
of the pressurizing chamber forming unit 331. The 
present invention, however, is not limited to this embod- 
iment since the liquid supply duct 331 E may be formed 
on a surface 31 A of the pressurizing chamber forming 
unit 331. 

In this Ink jet printer' head 400, the favorable effect 
similar to that described above may be realized by using 
the orifice plate 391 in place of the orifice plate 333. 

In the above-described second embodiment, the 
'carrier jet printer* head 355 is used n which the pres- 
sure is applied across the 'carrier jet printer* head 355 
using the layered piezo units 377. 376. The present 
invention, however, is not limited to this embodiment 
since the favorable effect similar to that descrtoed above 
may be realized by using the •carrier jet printer 1 head 
440 shown in Figs. 72 and 73 showing parts and compo- 
nents similar to those of Rg.63 by the same reference 
numerals. Fig.72 shows a cross-section taken along line 
E-E* in Fig. 73. 

In the present carrier jet printer' head 440, vibration 
plates 441, 442 are bonded to the surface 372A if the 
vibration plate 372 in register with the second pressuriz- 
ing chamber 372C and the first pressurizing chamber 
371 H. whilst plate-shaped piezoelectric devices 443, 
444 are layered on the vforation plates 441. 442, 
respectively. 

The direction of voltage impression and polarization 
of these piezoelectric devices 443, 444 are set so that 
when the voltage is impressed across the piezoelectric 
devices 443, 444, these devices are contracted in the 
in-plane direction of the vibration plate 443, 444 so as to 
be flexed in the direction of arrow M4. 

In actuality, in the present 'carrier jet printer' head 
440. there is no driving voltage applied across the pie- 
zoelectric devices 443, 444 in the emission ready state 
shown in Fig.51 A, such that a meniscus of the ink and 
the dilution solution is formed at a position of equilibrium 
with the surface tension, that is in the vicinity of the dis- 
tal ends of the quantitation nozzle 373A and the emis- 
sion nozzle 373B. 

During ink quantitation, a driving voltage is applied 
across the piezoelectric device 443. This causes the 
piezoelectric device443To be flejtSlnlhe^ection^f 
arrow M4 in Fig.51 B to warp the portion of the vibration 
plate 372 in register with the second pressurizing cham- 
ber 371 C of the vforation plate 372 in a direction shown 
by arrow M4, as a result of which the volume of the sec- 
ond pressurizing chamber 371 C is decreased to raise 
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the pressure therein. 

Since the value of the voltage applied across the 
piezoelectric device 443 is set to a value corresponding 
to the gradation of picture data, the amount of ink emit- 
ted from the distal end of the quantitation nozzle 373A is s 
in meeting with the picture data. 

The ink in the state extruded from the quantitation 
nozzle 373A is contacted and mixed with the dilution 
solution forming the meniscus in the vicinity of the distal 
end of the emission nozzle 373B. 10 

During ink emission, a driving voltage is applied 
across the piezoelectric device 443. This causes the 
piezoelectric device 444 to be flexed in the direction of 
arrow M4 in Rg.51 C to warp the portion of the vibration 
plate 372 in register with the first pressurizing chamber is 
371 H of the vforation plate 372 in a direction shown by 
arrow M4, as a result of which the volume of the first 
pressurizing chamber 371 H is decreased to raise the 
pressure therein. 

ft is noted that time changes of the driving voltage 20 
impressed across the piezoelectric device 444 are set 
to permit the mixed solution to be emitted via emission 
nozzle 3738. 

In the 'carrier jet printer* head 440, since the plate- 
shaped piezoelectric devices 443, 444 are used in place 2s 
of the layered piezo units 376, 377, the second pressu- 
rizing chamber 371 C and the first pressurizing chamber 
371 H need to be larger in size than in the 'carrier jet 
printer' head 355. 

However, if the area occupied by the second pres- 30 
surizing chamber 371 C and the first pressurizing cham- 
ber 371 H in the 'carrier jet printer 1 head 440 is 
increased, the proportion of the second liquid supply 
duct 371 E and the first liquid supply duct 371 J in the 
second pressurizing chamber 371 C and in the first ss 
pressurizing chamber 371 H, respectively, in a direction 
perpendicular to the arraying directions of the second 
pressurizing chamber 371 C and in the first pressurizing 
chamber 371 H, can be decreased, so that, if the plate- 
shaped piezoelectric devices 443, 444 are used as 40 
means for applying the pressure to the second pressu- 
rizing chamber 371 C and in the first pressurizing cham- 
ber 371 H, respectively, the 'carrier jet printer* head 440 
can be prevented from being increased in size in its 
entirety. 45 

In the above-described second embodiment, the 
second ink flow path 371 E3 is formed obliquely to the 
arraying direction of the second pressurizing chamber 
371 C so that the angle 61 1 between the cerrteriine C1 1 
of the first ink flow path 371 E2 and the centertine C1 2 of so 
the second ink flow path 371 E3 will be 70°, while the 
second dilution solution flow path 371J3 is formed 
obliquely to the arraying direction of the second pressu- 
rizing chamber 371 C so that the angle 612 between the 
cerrteriine C13 of the first dilution solution flow path 55 
37 1J2 and the cerrteriine C 1 4 of the second dilution flow 
path 371J3 will be 70°. The present invention, however, 
is not limited to this embodiment since the angles may 
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be selected to an optional other value provided that the 
angle 611 between the cerrteriine C11 of the first ink 
flow path 371E2 and the cerrteriine C1 2 of the second 
ink flow path 371E3 will be not less than 45° and not 
more than 80° and the angle 61 2 between the cerrteriine 
C13 of the first dilution solution flow path 371J2 and the 
cerrteriine C1 4 of the second dilution flow path 371J3 
will be not less than 45° and not more than 80° . 

Meanwhile, if, as in the above-described second 
embodiment the arraying pitch P1 1 of the second pres- 
surizing chambers 371 C is set to 0.68 mm and the 
angle 61 1 is set to 70°, the separation d12 between the 
cerrterlines C11 of the ink supply ducts 371 E3 of the 
second liquid supply ducts 371 E is on the order of 
0.68 mm x cos70° = 0.23 mm . Thus, if the width W1 1 
of the second liquid supply duct 371 E is set to 0.1 mm, 
the separation d1 3 of the second ink flow paths 371 E3 
can be set to approximately 0.13 mm, and hence there 
is no necessity of taking into account the ink leakage 
between the second liquid supply ducts 371 E at the 
time of bonding the resin member 385 to the pressuriz- ? 
ing chamber forming unit 371 , thus simplifying the bond- / 
ing process for the resin member 385. 

Conversely, if, in the second embodiment the angle \ 
6 is set to 80°. the separation d12 between the center- . 
lines of the second ink flow paths 371 E3 of the * 
second liquid supply ducts 371 Es is on the order of 
0.68 mm x cos80° =0.12 mm . Thus, the separation; 
dl 3 of the second ink flow paths 371 E3 of the second 
liquid supply ducts 371 E is approximately 0.02 mm, so 
that it becomes necessary to take into account ink leak- 
age between the second liquid supply ducts 371 E in the ' 
bonding process for the resin member 385. The result is * 
that the bonding process for the resin member 385 
becomes complex while a high-precision etching proc- 
ess is required in the manufacturing process shown in 
Fig.66. 

If the angle 61 1 is set to 45°, the proportion of the 
second liquid supply ducts 371 E in the 'carrier jet 
printer' head 355 in a direction perpendicular to the 
arraying direction of the second pressurizing chamber 
371 C can be decreased by approximately 30%. 
Although the description has been made with reference 
to the second liquid supply ducts 371 E. the same may 
be said of the first liquid supply duct 371J. 

In the above second embodiment, the ink and the 
dilution solution are set to the quantitation side and to 
the emission side, respectively. The present invention, 
however, is not limited to this embodiment since the 
favorable effect similar to that of the above embodiment 
can be achieved by setting the ink and the dilution solu- 
tion to the emission side ami to the quantitation side, 
respectively. 

Also, in the above second embodiment, the second 
liquid supply duct 371 E and the first liquid supply duct 
371 J are formed in the same oblique direction. The 
present invention, however, is not limited to this embod- 
iment since the liquid supply ducts may be formed in 
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opposite oblique directions. 

Also, in the above second embocfiment the second 
nozzle inlet opening 371 D and the first nozzle inlet 
opening 371 1 are larger in diameter by approximately 30 
to 150 jim than the quantitation nozzle 373A and the s 
emission nozzle 373 B, respectively. The present inven- 
tion, however, is not limited to this embocfiment since 
the diameters of the second nozzle inlet opening 371 D 
and the first nozzle inlet opening 371 1 may be set so as 
to be larger by values different from those given above io 
than the quantitation nozzle 373A and the emission 
nozzle 373B, respectively, provided that the pressure 
rise in the second pressurizing chamber 371 C or in the 
first pressurizing chamber 373H is not affected thereby 
on pressure application to the second pressurizing is 
chamber 371 C or in the first pressurizing chamber 
373H. 

Also, in the above second embodiment the second 
liquid supply duct 371 E and the first liquid supply duct 
371J are formed on the opposite side 371 B of the pres- 20 
surizing chamber forming unit 371. The present inven- 
tion, however, is not limited to this embodiment since 
the second liquid supply duct 371 E and the first liquid 
supply duct 371 J may be formed on the surface 371 A of 
thepr ssurizing chamber forming unit 371 A. 2s 

Also, in the above second embocfiment the present 
invention is applied to a serial printer device. The 
present invention, however, is not limited to this embod- 
iment and can also be applied to a line type printer 
device and to a drum type printer device. To this line 30 
type printer, the above-described Ink jet printer 1 head 
400 may be applied. To the tine type and to the drum 
type printer device, the above-described 'carrier jet 
printer* heads 355, 440 may be applied. 

Also, in the above second embodiment, the size of 35 
the vibration plate 332 and the vibration plate 372 is 
selected so that the plates can be affixed to the surface 
331 A of the pressurizing chamber forming unit 331 and 
to the surface 371 A of the pressurizing chamber form- 
ing unit 371 . The present invention, however, is not Hrrv 40 
ited to this embodiment since the size of the vibration 
plate 332 and the vibration plate 372 can be selected so 
that the plates can be affixed in register with the pressu- 
rizing chamber 33 1C. and in register with the second 
pressurizing chamber 371 C and the first pressurizing 45 
chamber 371 H. Since the vforation plates 332, 372 can 
be rendered to be smaller in size, the bonding process 
of affixing the vibration plates 332, 372 to the pressuriz- 
ing chamber forming units 331. 371, respectively, may 
be simplified further. so 

Also, in the above second embodiment, the pressu- 
rizing chamber forming units 331 . 371 are used as pres- 
surizing chamber fbrra^ 

less than 0.2 mm. The present invention, however, is not 
limited to this embodiment since various other values ss 
may be used for the thickness of the pressurizing cham- 
ber forming units 331, 371. In particular, the favorable 
effect simitar to that described above may be realized by 



selecting the thickness of the pressurizing chamber 
forming unit to be 0. 1 mm or more. 

Also, in the above second embocfiment the orifice 
plates 333, 373 are affixed by thermal bonding to the 
pressurizing chamber forming units 331 , 371 at a press- 
working temperature f 230°C under a pressure of 20 to 
30 kgf/cm2. The present invention, however, is not lim- 
ited to this embocfiment since various other values of 
temperature or pressure may be used for thermally 
bonding the orifice plates 333, 373 to the pressurizing 
chamber forming units 331, 371 . 

Also, in the above second embodiment the excimer 
laser is used. The present invention, however, is not lim- 
ited to this embodiment since various lasers such as 
carbonic gas lasers may be used. 

Also, in the above second embodiment, the pressu- 
rizing chamber 33 1C and the second pressurizing 
chamber 371 C are used as plural first solution cham- 
bers charged with the first solution, herein ink. and to 
which the pre-set pressure is applied. The present 
invention, however, is not limited to this embodiment 
since various other first solution chambers may be used 
as plural first solution chambers charged by the first 
solution and to which a pre-set pressure is applied. 

Also, in the above second embodiment the liquid 
supply duct 331 E and the second liquid supply duct 
371 E are used as solution flow paths formed obliquely 
relative to the arraying cfirection of the first solution 
chamber and which are used for supplying the first solu- 
tion supplied from the first solution supply source to the 
first solution chamber. The present invention, however, 
is not limited to this embodiment since various other 
flow paths may be used as the first solution flow path 
formed obliquely relative to the arraying direction of the 
first solution chamber and which is adapted for supply- 
ing the first solution supplied from the first solution sup- 
ply source to each solution chamber. The present 
invention, however, is not limited to this embodiment 
since various other emitting openings may be used as 
the first solution emitting openings for emitting the first 
solution supplied from each first solution chamber on 
pressure application to each solution flow path to the 
recording medium. 

Also, in the above second embodiment, the emis- 
sion nozzle 333A and the quantitation nozzle 373A are 
used as first solution emitting openings for emitting the 
first solution supplied from each first solution chamber 
on pressure application to each first solution flow paths. 
The present invention, however, is not limited to this 
embodiment since various other emitting openings may 
be used as the first solution emitting openings for emit- 
ting the first solution supplied from each Jirst solution 
Chamber on pressure ^ a^Iica¥on fcTea^h ^dution flow 
path to the recording medium. 

Also, in the above second embodiment, the first 
pressurizing chambers 371 H are used as plural second 
solution chambers charged during emission with the 
second solution mixed with the first solution during 



60 

BNSOOCIO: -cEP 0829355A1 J_> 



119 



EP 0 829 355 A1 



120 



emission and to which a pre-set pressure is applied. 
The present invention, however, is not limited to this 
embodiment since various other second solution cham- 
bers may be used as plural second solution chambers 
charged during emission with the second solution mixed 5 
with the first solution during emission and to which a 
pre-set pressure is applied. 

Also, in the above second embodiment the first liq- 
uid supply duct 371J is used as the second solution flow 
path formed obliquely relative to the arraying direction of 10 
the second solution chambers and which is used for 
supplying the second solution supplied from the second 
solution supply source to the second solution chamber. 
The present invention, however, is not limited to this 
embodiment since various other flow paths may be is 
used as the second solution flow path formed obliquely 
relative to the arraying direction of the second solution 
chambers and which is adapted for supplying the sec- 
ond solution supplied from the second solution supply 
source to each second solution chamber. 20 

Also, in the above second embodiment, the emis- 
sion nozzle 373B is used as second solution emitting 
opening for emitting the second solution supplied from 
each second solution chamber on pressure application 
to each first solution flow path. The present invention, 25 
however, is not limited to this embodiment since various 
other emitting openings may be used as the second 
solution emitting openings for emitting the second solu- 
tion supplied from each second solution chamber on 
pressure application to each second solution flow path. 30 

In the above-described embodiment, the pressuriz- 
ing chamber forming units 331 and 371 are used as 
metal plates in which each first solution chamber and 
each first solution flow path are formed by punching. 
The present invention, however, is not limited to this 35 
embodiment since various other metal plates may be 
used as metal plates in which each first solution cham- 
ber and each first solution flow path are formed by 
punching. 

In the above-described embodiment, the orifice 40 
plates 333, 373 are used as plate-shaped resin mem- 
bers formed with solution emission openings for emit- 
ting the first solution. The present invention, however, is 
not limited to this embodiment since various other resin 
members may be used as plate-shaped resin members 45 
formed with solution emission openings for emitting the 
first solution. 

In the above-described embodiment the orifice 
plates 333, 373 formed of Neoflex with a thickness of 50 
jim and a glass transition temperature of not higher than so 
250°C are used as resin members having the glass 
transition temperature not higher than 250°C. The 
present invention, however, is not limited to this embod- 
iment since a layered product made up of a first resin 
having a glass transition temperature of not higher than 55 
250°C and a second resin having a glass transition tem- 
perature of not lower than 250°C may be used as the 
orifice plate. 



In the above-described embodiment, the ink buffer 
tank 336 and the ink buffer tank 378 are used as first 
solution delivery means for delivering the first solution 
supplied from the first solution supply source. The 
present invention, however, is not limited to this embod- 
iment since various other first solution delivery means 
may be used as first solution delivery means for deliver- 
ing the first solution supplied from the first solution sup- 
ply source. 

In the above-described embodiment the liquid sup- 
ply duct 331 E and the second liquid supply duct 371 E 
are used as the first solution flow path formed obliquely 
relative to the delivery surface of the first solution deliv- 
ery means. The present invention, however, is not lim- 
ited to this embodiment since various other first solution 
flow path formed obliquely relative to the delivery sur- 
face of the first solution delivery means. 

In the above-described embodiment the pressuriz- 
ing chamber 331 C and the second pressurizing cham- 
ber 371 C are used as the first solution chamber 
communicating with the first solution flow path, charged 
with the first solution supplied via the first solution flow 
path from the first solution delivery means and across 
which a pre-set pressure is applied. The present inven- / 
tion, however, is not limited to this embodiment since 
various other first solution chambers may be used as 
the first solution chamber communicating with the first 
solution flow path, charged with the first solution sup- 
plied via the first solution flow path from the first solution 1 
delivery means and across which a pre-set pressure is 
applied. 

In the above-described embodiment, the emission 4 
nozzle 333A and the quantitation nozzle 373B are used* 
as the first solution emission openings for emitting the 
first solution supplied from the first solution chamber on 
pressure application to the first solution chamber. The 
present invention, however, is not limited to this embod- 
iment since various other first solution emitting open- 
ings may be used as as the first solution emission 
openings for emitting the first solution supplied from the 
first solution chamber on pressure application to the first 
solution chamber. 

In the above-described embodiment, the dilution 
solution buffer tank 380 is used as the second solution 
delivery means for delivering the second solution sup- 
plied from the second solution supply source so as to be 
mixed with the first solution on emission. The present 
invention, however, is not limited to this embodiment 
since various other first solution delivery means may be 
used as the second solution supplied from the second 
solution supply source. 

In the above-described embodiment, the first liquid 
supply duct is used as the second solution flow path 
formed obliquely to the delivery surface of the second 
solution delivery means. The present invention, how- 
ever, is not limited to this embodiment since various 
other second solution flow paths may be used as the 
second solution flow path formed obliquely to the delrv- 
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ery surface of the second solution delivery means. 

In the above-described embocfiment the first pres- 
surizing chamber 371J is used as the second solution 
chamber communicating with the second solution flow 
path, charged with the second solution supplied via the s 
second solution flow path from the second solution 
delivery means and across which a pre-set pressure is 
applied. The present invention, however, is not limited to 
this embodiment since various other second solution 
chambers may be used as the second solution chamber 10 
communicating with the second solution flow path, 
charged with the second solution supplied via the sec- 
ond solution flow path from the second solution delivery 
means and across which a pre-set pressure is applied. 

In the above-described embodiment, the emission is 
nozzle 373B is used as the second solution emission 
opening for emitting the second solution supplied from 
the second solution chamber to the recording medium 
on pressure application to the second solution chamber. 
The present invention, however, is not limited to this 20 
embodiment since various other second solution emis- 
sion openings may be used as the second solution 
emission opening for emitting the second solution sup- 
plied from the second solution chamber to the recording 
medium on pressure application to the second solution 2s 
chamber. 
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4. Embodiments Corresponding to Ni nth Subject- Matter 
and Tenth Subiect-Matter of the Invention 

(1) First Embodiment 

In the present embodiment, the present invention is 
explained with reference to an embodiment of the 'ink 
jet printer' device in which only ink is emitted, that is t a 
ninth embodiment. 

(1-1) Structure of the Inkjet printer' Device 



The overall structure of the Ink jet printer* device is 40 
similar to the first embodiment corresponding to the first 
subject-matter and the second subject-matter 
described above, so that the corresponding description 
is nor made herein. That is, in the instant embodiment of 
the Ink jet printer' device, an Ink jet printer* head, as 45 
later explained, is used in place of the printer head pre- 
viously explained. Since a controller similar to that 
described previously is used in the instant embodiment 
of the Ink jet printer* device, the corresponding descrip- 
tion is also omitted. so 

(1 -2) Structure of the 'ink jet printer* Device 



The structure of an Ink jet printer* head 155 of the 
instant embodiment of the 'ink jet printer' device is ss 
explained. That is, in the present embodiment of the Ink 
jet printer* head 155, shown in Figs.75 and 76, a vibra- 
tion plate 532 is affixed by an adhesive, not shown, on a 



surface 531 A of a plate-shaped pressurizing chamber 
forming unit 531 , whilst a plate-shaped orifice plate S33 
is bonded to the opposite surface 531 B of the pressuriz- 
ing chamber forming unit 531 and a layered piez unit 
535 is affixed via a protrusion 534 to a surface 532A of 
the vibration plate 532. Ftg.75 is a cross-sectional view 
taken along line F-F of Fig.76. 

The pressurizing chamber forming unit 531 is 
formed of stainless steel and has a thickness of approx- 
imately 0.2 mm. This pressurizing chamber forming unit 
531 is formed with a pressurizing chamber 531 C, a noz- 
zle inlet opening 531 D, a liquid supply duct 531 E, an ink 
buffer tank 531 F and with a connection opening 53 1Q. 
The pressurizing chamber 53 1C is formed for being 
exposed from a mid portion in the direction of thickness 
of the pressurizing chamber forming unit 531 to its sur- 
face 531 A. The pressurizing chamber 31 C has a width 
W21 of 0.4 mm, as shown in Fig.76. 

The nozzle inlet opening 531 D is formed for com- 
municating wfth the pressurizing chamber 531 C on the 
lower side of the pressurizing chamber 53 1C and for 
being exposed to the opposite surface 531 B of the pres- 
surizing chamber forming unit 531 . 

The liquid supply duct 531 E is formed for being 
exposed from a mid portion in the direction of thickness 
of the pressurizing chamber forming unit 531 to the 
opposite surface 53 1B of the pressurizing chamber 
forming unit 531. The liquid supply duct 531E is formed 
by a main supply flow path 531 E1 and a connection 
opening 531 E2 and communicates with the pressuriz- 
ing chamber 531 C via connection opening 531 E2, while 
being formed with the nozzle inlet opening 531D via 
hard member 531 H. 

Referring to Fig.76, the width W22 in the cross-sec- 
tion of the main supply flow path of the liquid supply duct 
531 E is set to 0.15 mm which is smaller than the thick- 
ness of the pressurizing chamber forming unit. On the 
other hand, the connection opening 531 E2 of the liquid 
supply duct 53 1E has a circular cross-section with the 
width (cfiameter) W23 in the cross-section being larger 
than the width W22 of the main supply flow path 531 E1 
and equal to the thickness of the pressurizing chamber 
forming unit 531 or 0.2 mm. That is, the cross-sectional 
area in the liquid passing direction of the connection 
opening 531 E2 is larger than that in the liquid passing 
direction of the liquid supply duct 531 E. This connects 
the liquid supply duct 531 E via connection opening 
531 E2 to the pressurizing chamber forming unit 531 C at 
the same time as the flow path resistance in the main 
supply flow path 531 E1 is maintained, so that the ink 
can be supplied to the pressurizing chamber 531 C by 
the fl ow resist ance prevailin g in the l iquid supply duct 
531 E 

The ink buffer tank 531 F communicates with the liq- 
uid supply duct 531 E and is formed for being exposed to 
the opposite surface 531 B of the pressurizing chamber 
forming unit 531 . Referring to Fig.76, in the printer head 
515, plural pressurizing chambers 531 C are arrayed in 
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a pre-set direction, whilst the ink buffer tank 53 1F con- 
stitutes a sole piping carrying plural liquid supply ducts 
531 E. that Is an ink buffer tank 536 which is a common 
ink liquid chamber to the pressurizing chambers 531 C. 

The pressurizing chamber forming unit 531 is 5 
formed with the pressurizing chamber 531 C. nozzle 
inlet opening 531 D, liquid supply duct 531 E, ink buffer 
tank 531F and the connection opening 531G for defin- 
ing the hard member 531 H and the members 531 1, 531 J 
and 531 K. The hard member 53 1 H is contacted with the io 
lower surface of the pressurizing chamber 531 C. a lat- 
eral surface of the nozzle inlet opening 531 D and a lat- 
eral surface of the liquid supply duct 531 E whilst 
forming part of the opposite surface 531 B of the pressu- 
rizing chamber forming unit 531. The member 5311 is is 
contacted with a lateral surface of the pressurizing 
chamber 53 1C, the upper surface of the liquid supply 
duct 531 E and a lateral surface of the connection open- 
ing 53 1G whilst forming part of the surface 531 A of the 
pressurizing chamber forming unit 531 , while the mem- 20 
ber 531J is contacted with the opposite surface of the 
pressurizing chamber forming unit 531 C and the oppo- 
site surface of the nozzle inlet opening 5310 whilst 
forming part of the surface 531 A and the opposite sur- 
face 531 B of the pressurizing chamber forming unit 531 . 2s 
The member 531 K is contacted with the lateral surface 
of the ink buffer tank 531 F and the opposite surface of 
the connection opening 53 tG whilst forming part of the 
surface 531 A and the opposite surface 53 1B of the 
pressurizing chamber forming unit 531 . 30 

To the opposite surface 53 1B of the pressurizing 
chamber forming unit 531 is affixed, by thermal pres- 
sure bonding, an orifice plate 533 for overlying the noz- 
zle inlet opening 531 D, liquid supply duct 531 E and the 
ink buffer tank 531 F. This orifice plate 533 is formed of 55 
Neoflex (trade name) superior in thermal resistance and 
resistance against chemicals, manufactured by MITSUI 
TOATSU KAGAKU KOGYO KK, with a thickness of 
approximately 50 urn and a glass transition temperature 
of 200°C. TOs orifice plate 533 is thermally bonded to aq 
the pressurizing chamber forming unit 531 at a press 
working temperature of 230°C under a pressure of the 
order of 20 to 30 kgf/cm2. 

This orifice plate 533 is formed with an emission 
nozzle 533A of a pre-set diameter and e.g., a circular 45 
cross-section communicating with the nozzle inlet open- 
ing 531 D for emitting the ink supplied from the pressu- 
rizing chamber 531 C via nozzfe inlet opening 531 D. 
Since the emission nozzle 533 A is formed in the orifice 
plate 533 of Neoflex, chemical stability against ink is so 
assured. 

The nozzle inlet opening 531 D is selected to be 
larger in diameter than the emission nozzle 533 A 

On the surface 531A of the pressurizing chamber 
forming unit 531 is affixed, such as with an epaxy -based ss 
adhesive, not shown, a vibration plate 532 of e.g., 
nickel, for overlying the pressurizing chamber 531 C. 

In the printer head 51 5 of the instant embodiment of 



the 'ink jet printer' device, the pressurizing chamber 
531C is formed on the surface 531 A of the pressurizing 
chamber forming unit 531, a vbration plate 532 is 
formed on this surface 531 A for overlying the pressuriz- 
ing chamber 531C and a layered piezo unit 535 as a 
piezoelectric device is arranged in register with the 
pressurizing chamber 531 C via vibration plate 532. A 
liquid supply duct 531 E for supplying the liquid to the 
pressurizing chamber 531 C is arranged on the oppose 
surface of the pressurizing chamber forming unit 531 . 
On this opposite surface 531 B are arranged a hard 
member 531 H formed with a nozzle inlet opening 531 D 
communicating with the pressurizing chamber 531 C 
and an orifice plate 533 as a resin member formed with 
an emission nozzle 533A 

That is, in this Ink jet printer* head 515, since the 
liquid supply duct 531 E is formed on the opposite sur- 
face 531 B opposite to the vibration plate 532 of the 
pressurizing chamber forming unit 531 , there is no risk 
of the liquid supply duct 53 1E being stopped with an 
adhesive used for bonding the vibration plate. Moreyer, 
since the orifice plate 533 is affixed by thermal bonding 
to the opposite surface 531 B of the pressurizing cham- 
ber forming unit 531 , there is no risk of the liquid supply 
duct 531 E from being stopped by affixture of the orifice 
plate 533. 

The vibration plate 532 is formed with a through- 
hole 532B in register with the through-hole 53 1G of the 
pressurizing chamber forming unit 531. In this through- 
hole 532B is mounted an ink supply duct 537 connected 
to an ink tank, not shown. Thus, the ink supplied from 
the ink tank via ink supply duct 537 and ink tank buffer 
tank 536 is charged into the pressurizing chamber 
531 C. 

A plate-shaped protrusion 534 is formed on the sur- 
face 532A of the vibration plate 532 in register with the 
pressurizing chamber 531 C. To this protrusion 534 is 
affixed the layered piezo unit 535 with an adhesive, not 
shown. The protrusion 534 is sized to be smaller than 
an opening area of the pressurizing chamber 531 0 and 
the surface 535A to which is affixed the protrusion 534 
of the layered piezo unit 535. 

The layered piezo unit 535 is made up of the piezo- 
electric members and electrically conductive members 
layered alternately in a direction parallel to the surface 
532A of the vibration plate 532. The number of the pie- 
zoelectric members and the electrically conductive 
members are arbitrary. 

If a driving voltage is applied across the layered 
piezo unit 535, it is linearly displaced in a direction 
opposite to the direction shown by arow M5 in Fig. 75 
and raised bout the protrusion 534 of the vibration plate 
532 as center to increase the volume of the pressurizing 
chamber 53 10. 

When the driving voltage applied across the layered 
piezo unit 535 is removed, the unit 535 is linearly dis- 
placed in a direction of arrow M5 to thrust the protrusion 
534 to warp the vibration plate 532 to decrease the voi- 
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ume of the pressurizing chamber 531C to raise the 
pressure therein. Since the protrusion 534 is selected to 
be smaller in size than the surface 535A or the opening 
area of the pressurizing chamber 531 C, displacement 
of the layered piezo unit 535 can be transmitted concen- 5 
tratedty to the portion of the vforation plate 532 in regis* 
ter with the pressurizing chamber 53 1C. 

In actuality, in the Inkjet printer* head 515 shown in 
Rg.76. the numbers of the pressurizing chamber 531 C, 
nozzle inlet opening 531 D, liquid supply duct 531 E or io 
the emission nozzle 533A are plural, such that the pro- 
trusion 534 and the layered piezo unit 535 are provided 
in association with each pressurizing chamber 531 C. 

(1-3) Method for manufacturing the Ink jet printer* Head is 

The method of manufacturing the Ink jet printer* 
head 515 is explained with reference to Ftg.77. 

First referring to Fig.77A, a resist, such as a photo- 
sensitive dry f flm or a liquid resist material, is coated on 20 
a surface 538A of a plate 538 of stainless steel having a 
thickness substantially equal to 0.2 mm. Then, pattern 
light exposure is carried out using a mask having a pat- 
tern correspond ng to the pressurizing chamber 531C 
and the connection opening 531 G, whilst a resist, such 25 
as a photosensitive dry film or a liquid resist material, is 
coated on the opposite surface 538B of the plate 538 
and pattern light exposure is carried out using a mask 
having a pattern corresponding to the nozzle inlet open- 
ing 531 D, liquid supply duct 531 E and the ink buffer tank 30 
531 F for forming resists 539 and 540. 

Then, using the resist 539 having a pattern corre- 
sponding to the pressurizing chamber 531C and the 
connection opening 531 G and a resist 540 having a pat- 
tern corresponding to the nozzle inlet opening 531 D, liq- 35 
uid supply duct 531 E and the ink buffer tank 531 F, as 
masks, the plate 538 is immersed for pre-set time in an 
etching solution composed of, for example, an aqueous 
solution of ferric chloride for etching for forming the 
pressurizing chamber 531 C and the connection open- 40 
ing 531 G on the surface 538A of the plate 538 and for 
forming the nozzle inlet opening 53 1D, liquid supply 
duct 531 E and the ink buffer tank 531 F on the opposite 
surface 538B of the plate 538 to produce the pressuriz- 
ing chamber forming unit 531. At this time, the hard 45 
member 531 H is formed between the nozzle inlet open- 
ing 531 D and the ink buffer tank 531 E. 

The etching quantity is selected so that the etching 
amount from the sole side of the plate 538 will be 
approximately slightly larger than one-half the thickness so 
of the plate 538. If, for example, the plate 538 is selected 
to be 0.2 mm thick, the etching amount from one surface 
"of~the~platenratefiaris^!e^ed~to"be approximately 
0.11 mm. 

In this manner, the width W23 of the connection ss 
opening 531 E2 interconnecting the pressurizing cham- 
ber 531 C and the liquid supply duct 531 E is formed to 
be larger than the width W22 of the main supply flow 



path 531 E1 of the liquid supply duct 531 E to prevent the 
width W23 of the connection opening 531 E2 from 
becoming smaller than the width W22 of the main sup- 
ply flow path 531 E1. 

Since the etching amount from one surface of the 
plate 538 is the same, the etching condition when form- 
ing the pressurizing chamber 53 1C and the connection 
opening 531G on the surface 538A of the plate 538 is 
set so as to be the same as the etching condition when 
forming the nozzle inlet opening 5310, liquid supply 
duct 531 E and the ink buffer tank 531F thus simplifying 
and shortening the process shown in Fig.77B. 

The nozzle inlet opening 531 D is selected to be 
larger in diameter than the emission nozzle 533A to 
such an extent as not to affect pressure rise in the pres- 
surizing chamber 531C on pressure application to the 
pressurizing chamber 531 C. 

Then, as shown in Fig.77C, the resists 539, 540 are 
removed, after which the resin member 541 of Neoflex 
having a thickness of approximately 50 *im and a glass 
transition temperature of not higher than 250°C is 
affixed by thermal pressure bonding to the opposite sur- 
face 531 B of the pressurizing chamber forming unit 531 . 
The bonding is at a press-working temperature of 
approximately 230°C and a pressure of 20 to 30 
kgf/cm2. This improves the bonding strength between 
the pressurizing chamber forming unit 531 and the resin 
member 541 and efficiency in affixture. 

Then, as shown in Fig.77D, the excimer laser is illu- 
minated from the surface 531 A of the pressurizing 
chamber forming unit 531 via pressurizing chamber 
531 C and nozzle inlet opening 531 D to the resin mem- 
ber 541 for forming the emission nozzle 533A in the 
resin member 541 for producing the orifice plate 533. 
Since the resin member 541 is used, the nozzle inlet 
opening 533A can be formed easily. Also, since the noz- 
zle inlet opening 531 D is larger in diameter than the 
emission nozzle 533A, registration accuracy condition 
between the resin member 541 and the pressurizing 
chamber forming unit 531 during laser working can be 
moderated, while the risk of the laser beam being 
shielded by the pressurizing chamber forming unit 531 
during laser working can be evaded. 

Then, as shown in Fig.77E, the vibration plate 532 
previously formed with the protrusion 534 is bonded to 
the surface 531 A of the pressurizing chamber forming 
unit 531 using, tor example, an epoxy-based adhesive. 

Then, as shown in Fig.77F, the layered piezo unit is 
then affixed to the vibration plate 532 with the ink supply 
duct 537 in register with the through-hole 532B. This 
realizes the Inkjet printer' head 515. 

(l^rOperatton andfffect of the First Embodiment 

In the above-described structure of the 'ink jet 
printer* head 515, if a pre-set driving voltage is applied 
across the layered piezo unit 535, the latter is displaced 
in a direction opposite to the cfirection shown by arrow 
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M5 in Fig.79. Since this raises the portion of the vaca- 
tion plate 532 in register with the pressurizing chamber 
531 C in the direction opposite to the direction shown by 
arrow M5 in Fig.79, the pressure in the pressurizing 
chamber 531 C is raised. Although the meniscus at the s 
distal end of the emission nozzle 533A is momentarily 
receded towards the pressurizing chamber 531 C, it is 
stabilized in the vicinity of the distal end of the emission 
nozzle 533 A, once the displacement of the layered 
piezo unit 535 subsides, by equilbrium with the surface 70 
tension, in readiness for ink emission. 

During ink emission, the driving voltage impressed 
across the layered piezo unit 535 is annulled, as a result 
of which the layered piezo unit 535 is displaced in the 
direction of arrow M5 and hence the vibration plate 532 is 
is displaced in a direction indicated by arrow M5. This 
decreases the volume in the pressurizing chamber 
531C for raising the pressure in the pressurizing cham- 
ber 531C to emit ink via emission nozzle 533A. It is 
noted that time changes of the driving voltage 20 
impressed across the layered piezo unit 535 are set so 
as to emit ink via emission nozzle 533 A. 

Since the width W23 of the connection opening 
531E2 interconnecting the liquid supply duct 531 E and 
the pressurizing chamber 531 C is selected to be larger 2s 
than the width W22 of the main supply flow path 531 E1 , 
that is the cross-sectional area in the liquid passing 
direction of the connection opening 531 E. the flow path 
resistance of the flow path 531 E can be prohibited from 
being affected by the connection opening 531 E2. 30 

Thus, in the present Ink jet printer* head 515. the 
ink supplied from the ink buffer tank 531 F via liquid sup- 
ply duct 531 E is supplied to the pressurizing chamber 
53 1C by the flow path resistance in the main supply flow 
path 531 E1 of the liquid supply duct 531 E. thus main- 35 
tainirtg a substantially constant flow path resistance of 
each liquid supply duct 531 E. that is significantly reduc- 
ing the connection troubles between the pressurizing 
chamber 531 C and the liquid supply duct 531 E. Moreo- 
ver, since there is no necessity of increasing the length 40 
of the liquid supply path 531 E to render the flow path 
resistance in each liquid supply duct 531 E constant, it 
becomes possible to prevent the area of the liquid sup- 
ply duct 531 E in the Inkjet printer 1 head 51 5 from being 
increased. 45 

Also, in this Ink jet printer* head 515. since the 
width of the connection opening 531 E2 of the liquid sup- 
ply duct 531 E is larger than the thickness of the pressu- 
rizing chamber forming unit 531 , while the width W22 of 
the main supply flow path 531 E1 of the liquid supply so 
duct 531 E. narrower in width than the pressurizing 
chamber 531C. is less than the thickness of the pressu- 
rizing chamber forming unit 531. the flow path resist- 
ance of each liquid supply duct 531 E can be rendered 
constant more satisfactorily ss 

In the above structure, in which the width W23 of 
the connection opening 531 E2 of the liquid supply duct 
53 1E operating as a connection portion between the 



pressurizing chamber 531 C and the liquid supply duct 
531 E is formed so as to be larger than that of the main 
supply flow path 531 E1 of the liquid supply duct 531 E, 
the ink can be supplied into the pressurizing chamber 
531 C by the flow path resistance in the main supply flow 
path 531 E1 of the liquid supply duct 531 E, the flow path 
resistance in each liquid supply duct 531 E can be ren- 
dered substantially constant, while the area occupied by 
the liquid supply duct 531 E in the Ink jet printer* head 
515 can be prevented from being increased. 

This realizes the Inkjet printer* head 515 capable of 
stably emitting the ink without enlarging its size. 

(2) Second Embocfiment 

In the present embodiment, the present invention is 
applied to a 'carrier jet printer* device in which a fixed 
amount of the ink is mixed into a dilution solution and 
the resulting mixture is emitted. 

(2-1) Structure of the 'carrier jet printer* device 

The overall structure of the present embodiment of 
the 'carrier jet printer' device is similar to the second 
embodiment corresponding to the first subject-matter 
and the second subject-matter of the invention and 
hence the description is omitted for clarity. That is, in the 
present embodiment of the 'carrier jet printer* device, 
the carrier jet printer* head as later explained is used in 
place of the printer head 45 explained previously. Since 
a controller similar to the above controller is used in the 
present 'carrier jet printer* device, the corresponding 
description is also omitted. Also, in the present embodi- 
ment of the 'carrier jet printer* device, the driver opera- 
tion similar to that explained above occurs to realize the 
driving voltage impressing timing as explained previ- 
ously, the the corresponding description is also omitted. 

(2-2) Structure of the "carrier jet printer* Head 

Rgs.80 and 81 show the structure of a 'carrier jet 
printer* head 555. 

In the carrier jet printer* head 555, shown in Fig.80. 
a vibration plate 572 is affixed by an adhesive, not 
shown, to a surface 571 A of a plate-shaped pressuriz- 
ing chamber forming unit 571 . whilst a layered piezo unit 
576 corresponding to the above-described second pie- 
zoelectric device, and a layered piezo unit 577 corre- 
sponding to the above-described first piezoelectric 
device, are affixed to the opposite surface 571 B of the 
pressurizing chamber forming unit 571, via protrusions 
574, 576, respectively. 

The pressurizing chamber forming unit 571 is of 
stainless steel with a thickness of approximately 0.2 
mm. This pressurizing chamber forming unit 571 is 
formed with a first pressurizing chamber 571 H, a first 
nozzle inlet opening 5711, a dilution solution buffer tank 
571 K and a connection opening 5711 while also being 
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formed. with a second pressurizing chamber 571 C. a 
second nozzle inlet opening 571 D, an ink buffer tank 
571 F and a connection opening 571G. 

The first pressurizing chamber 571 H is formed for 
being exposed from a mid portion in the direction of s 
thickness of the pressurizing chamber forming unit 571 
towards its surface 571 A. The width W27 of the first 
pressurizing chamber 571 H is set to 0.4 mm, as shown 
in Rg.80. The first nozzle inlet opening 571 1 is formed 
for communicating with the first pressurizing chamber io 
571 H on the lover side of the first pressurizing chamber 
571 H for being exposed to the opposite surface 571 B of 
the pressurizing chamber forming unit 571 . 

The first liquid supply path 571J is formed for being 
expos d from a mid portion in the direction of thickness 75 
of the pressurizing chamber forming unit 571 towards its 
opposite surface 571 B. The first liquid supply duct 571J 
is made up of a main supply flow path 571J1 and an 
opening 571J2 and communicates with the first pressu- 
rizing chamber 571 H via opening 571 J2 while being 20 
placed at a pre-set separation from the first nozzle inlet 
opening 571 1. 

Referring to Fig.81 . the width W28 in the cross-sec- 
tion of the man supply flow path 571J1 of the first liquid 
supply duct 571J is set to 0.15 mm smaller than the 25 
thickness of the pressurizing chamber forming unit 571 . 
The connection opening 571J2 of the first liquid supply 
duct 571 J has a circular transverse cross-section and 
has a width (diameter) in the cross-section larger than 
that of the main supply flow path 571J2 and equal to the 30 
thickness of the pressurizing chamber forming unit 571 
(0.2 mm). That is, the cross-sectional area in the liquid 
passing direction of the connection opening 571J2 is 
larger than the cross-sectional area in the liquid passing 
direction of the first liquid supply duct 571J. This con- 35 
nects the first liquid supply duct 571J1 to the first pres- 
surizing chamber 571 H via connection opening 571J2, 
whilst the flow path resistance in the main supply flow 
path 571J1 in the first liquid supply duct 571J is main- 
tained, such that the dilution solution can be supplied to 40 
the first pressurizing chamber 571 h by the flow path 
resistance in the first liquid supply duct 571 J. 

The dilution solution buffer tank 571 K is formed for 
communicating with the first liquid supply duct 57 1J and 
for being exposed to the opposite surface 571 B of the 45 
pressurizing chamber forming unit 571. Referring to 
Fig.81, the dilution solution buffer tank 571 K constitutes 
a sole piping carrying plural first liquid supply ducts 
571J, that is a dilution solution buffer tank 580 as a dilu- 
tion solution chamber common to the first pressurizing so 
chambers 571 H. 

The connection opening 571 L is formed for cornmu- 

~nicatihg"wrth~thV3iluti 

for being exposed to the surface 571 A of the pressuriz- 
ing chamber forming unit 571 . 55 

The pressurizing chamber forming unit 571 is 
formed with the first pressurizing chamber 571 H, first 
nozzle inlet opening 571 1, first liquid supply duct 571 1, 



first liquid supply duct 571J, dilution solution buffer tank 
571 k and with the connection opening 571 L for defining 
a head member 571P and members 571Q and 571 R. 
The hard member 571P is contacted with the lower sur- 
5 face of the first pressurizing chamber 571 C, a lateral 
surface of the first nozzle inlet opening 571 1 and a lat- 
eral surface of the first liquid supply duct 571J whilst 
forming part of the opposite surface 571 B of the pressu- 
rizing chamber forming unit 571. The member 571 Q is 
10 contacted with a lateral surface of the pressurizing 
chamber 571 C, the upper surface of the first liquid sup- 
ply duct 571J and a lateral surface of the connection 
opening 571 L whilst forming part of the surface 571 A of 
the pressurizing chamber forming unit 571, while the 
15 member 571 R is contacted with the surface of the dilu- 
tion solution buffer tank 571 K and the opposite surface 
of the connection opening 571 L whilst forming part of 
the surface 571 A and the opposite surface 571 B of the 
pressurizing chamber forming unit 571 . 
20 The second pressurizing chamber 571 C is formed 
for being exposed from a mid portion in the direction of 
thickness of the pressurizing chamber forming unit 571 
towards its surface 571 A. The width W24 of the second 
pressurizing chamber 571 C is set to 0.4 mm, as shown 
25 in Rg.80. The second nozzle inlet opening 571 D is 
formed tor communicating with the second pressurizing 
chamber 571 C on the lower side of the second pressu- 
rizing chamber 571 C for being exposed to the opposite 
surface 571 B of the pressurizing chamber forming unit 
30 571 . 

The second liquid supply path 571 E is formed for 
being exposed from a mid portion in the direction of 
thickness of the pressurizing chamber forming unit 571 
towards the opposite surface 571 B thereof. The second 
35 liquid supply duct 571 E is made up of a main supply 
flow path 571 E1 and a connection opening 571 E2 and 
communicates with the second pressurizing chamber 
571 C via opening 571 E2 while being placed at a pre-set 
separation from the second nozzle inlet opening 571 D. 
40 Referring to Fig.81 , the width W25 in the cross-sec- 
tion of the man supply flow path 571 E1 of the second 
liquid supply duct 571 E is set to 0.15 mm which is 
smaller than the thickness of the pressurizing chamber 
forming unit 571 . The connection opening 571 E2 of the 
45 second liquid supply duct 571 E has a circular trans- 
verse cross-section and has a width (diameter) in the 
cross-section larger than that of the main supply flow 
path 571E1 and equal to the thickness of the pressuriz- 
ing chamber forming unit 571 (0.2 mm). That is, the 
so cross-sectional area in the liquid passing direction of the 
connection opening 571 E2 is larger than the cross-sec- 

ti onal a rea in the liquid passing direction of the second 

liquid supply duct 571 E. This connects the second liquid 
supply duct 571 E to be connected to the second pres- 
55 surizing chamber 571 C via connection opening 571 E2, 
whilst the flow path resistance in the main supply flow 
path 571 E1 in the second liquid supply duct 571 E is 
maintained, such that the ink can be supplied to the sec- 
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ond pressurizing chamber 571 C by the flow path resist- 
ance in the second liquid supply duct 571 E. 

The ink buffer tank 571 F is formed for communicat- 
ing with the second liquid supply duct 571 E and for 
being exposed to the opposite surface 571 B of the pres- s 
surizing chamber forming unit 571 . Referring to Ftg.81 , 
the ink buffer tank 571 F constitutes a sole piping carry- 
ing plural second liquid supply ducts 571 E, that is a ink 
buffer tank 578 as an ink chamber common to the sec- 
ond pressurizing chambers 571 C. 

The connection opening 571 G is formed for com- 
municating with the ink buffer tank 571 F and for being 
exposed to the surface 571 A of the pressurizing cham- 
ber forming unit 571 . 

The pressurizing chamber forming unit 571 is 
formed with the second pressurizing chamber 571 C. 
second nozzle inlet opening 571 D. second liquid supply 
duct 571 E, ink buffer tank 571 F and with the connection 
opening 571 G for defining a hard member 571 M and 
members 571N and 5710. The hard member 571P is 
contacted with the lower surface of the second pressu- 
rizing chamber 571 C, a lateral surface of the second 
nozzle inlet opening 571 D and a lateral surface of the 
second liquid supply duct 571 E whilst forming part of 
the opposite surface 571 B of the pressurizing chamber 
forming unit 571 . The member 571 N is contacted with a 
lateral surface of the second pressurizing chamber 
571 C, the upper surface of the second liquid supply duct 
571 E and a lateral surface of the connection opening 
57 1 G whist forming part of the surface 571 A of the pres- 
surizing chamber forming unit 571, while the member 
571 0 is contacted with the surface of the ink buffer tank 
571 F and the opposite surface of the connection open- 
ing 571G whilst forming part of the surface 571A and 
the opposite surface 571 B of the pressurizing chamber 
forming unit 571 . 

There is formed a member 571 S surrounded by the 
opposite surface of the second pressurizing chamber 
571 C, the opposite lateral surface of the second nozzle 
inlet opening 571 D, the opposite lateral surface of the 
first pressurizing chamber 571 H and the opposite lateral 
surface of the nozzle inlet opening 571 1 for forming part 
f the surface 571 A and the opposite surface 571 B of the 
pressurizing chamber forming unit 571. 

On the opposite lateral surface 571 B of the pressu- 
rizing chamber forming unit 571 is affixed, by thermal 
pressure bonding, an orifice plate 573 for covering the 
first nozzle inlet opening 571 1, first liquid supply duct 
571 J, dilution solution buffer tank 171K, second nozzle 
inlet opening 571 D, second liquid supply duct 571 E and 
the ink buffer tank 571 F. This orifice plate 573 is formed 
of Neoflex having a thickness of, for example, approxi- 
mately 50 *im and a glass transition temperature f 
200°C. This orifice plate 573 is thermally bonded to the 
pressurizing chamber forming unit 571 at a press-work- 
ing temperature of 230°C and a pressure of the order of 
20 to 30 kgf/cm2. 

This orifice plate 573 is formed with a quantitation 



nozzle 573A of a pre-set cfiameter so that the latter is 
directed obliquely towards an emission nozzle 573B as 
now explained. The quantitation nozzle 573A is in com- 
munication with the second nozzle inlet opening 571 D 
for emitting a fixed amount of the ink supplied from the 
second pressurizing chamber 571 C via second nozzle 
inlet opening 571 D. The orifice plate 573 is also formed 
with an emission nozzle 573B of a pre-set diameter and 
a circular cross-section which is in communication with 
the first nozzle inlet opening 5711 for emitting the dilu- 
tion solution supplied from the first pressurizing cham- 
ber 571 H via first nozzle inlet opening 571 1. Since the 
quantitation nozzle 573A and the emission nozzle 573B 
are formed in the orifice plate 573 of Neoflex, chemical 
stability against the ink and the dilution solution is 
assured. 

The second nozzle inlet opening 571 D and the first 
nozzle inlet opening 5711 are designed to be larger in 
diameter than the quantitation nozzle 573A and the 
emission nozzle 573B. 

On the surface 571 A of the pressurizing chamber 
forming unit 571 is bonded, such as with an epoxy- 
based adhesive, not shown, for overlying the first pres- 
surizing chamber 571 H and the second pressurizing 
chamber 57 1C. 

In the present 'carrier jet printer* head 555. since 
the first and second liquid supply ducts 571 J. 571 E are 
formed on the opposite surface 571 B of the pressurizing 
chamber forming unit 571 opposite to the vibration plate 
572, the first and second liquid supply ducts 571 J, 571 E 
may be prevented from being stopped by the adhesive 
used in bonding the vibration plate. Moreover, since the 
orifice plate 573 is affixed by thermal bonding to the 
opposite surface 571 B of the pressurizing chamber 
forming unit 571 , the first and second liquid supply ducts 
571 J, 571 E are not stopped due to bonding of the orifice 
plate 573. 

The vibration plate 572 is formed with through- 
holes 572B, 572C in register with the connection open- 
ings of the pressurizing chamber forming unit 571 . In 
these through-holes 572B, 572C are mounted, respec- 
tively, an ink supply duct 579 and a dilution solution sup- 
ply duct 581 connected to the ink tank and the dilution 
solution tank, respectively. Thus, the ink supplied from 
the ink tank via ink supply duct 579 and ink buffer tank 
578 to the second liquid supply duct 571 E is charged 
into the second pressurizing chamber 571 C, whilst the 
dilution solution supplied from the dilution solution tank 
is charged into the first pressurizing chamber 571 H. 

On the surface 572A of the vibration plate 572 are 
formed plate-shaped protrusions 575, 574 in register 
with the first pressurizing chamber 571 H and the sec- 
ond pressurizing chamber 571 C, respectively. On these 
protrusions 575, 574 are bonded layered piezo units 
577, 576 by an adhesive, not shown. The protrusions 
575, 574 are sized to be smaller than the opening areas 
of the pressurizing chamber 571 H and the second pres- 
surizing chamber 571 C, or the surfaces 577 A, 576A to 
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which are affixed the protrusions 575. 574 of the layered 
piezo units 577, 576, respectively. 

The layered piezo unit 577 is made up of the piezo- 
electric members and electrically conductive members 
layered alternately in a direction parallel to the surface s 
572A of the vfcration plate 572, and is affixed to the 
affixing surface of the protrusion 575 by an adhesive, 
not shown. The number of the piezoelectric members 
and the electrically conductive members are arbitrary. 

If a driving voltage is applied across the layered 
piezo unit 577, it is linearly displaced in a direction 
opposite to the direction shown by arow M6 and raised 
about the protrusion 575 of the vfcration plate 572 as 
center to increase the volume of the f irst pressurizing 
chamber 571 H. 

When the driving voltage applied across the layered 
piezo unit 577 is removed, the unit 577 is linearly dis- 
placed in a direction of arrow M6 to thrust the protrusion 
575 to warp the vfo ration plate 572 to decrease the vol- 
ume of the first pressurizing chamber 571 H to raise the 
pressure therein. Since the protrusion 575 is selected to 
be smaller in size than the surface 577A of the layered 
piezo unit 577 or the opening area of the first pressuriz- 
ing chamber 571 H. displacement of the layered piezo 
unit 577 can be transmitted concentratedly to the por- 
tion of the vfcration plate 572 in register with the first 
pressurizing chamber 531 H. 

The layered piezo unit 576 is made up of the piezo- 
electric members and electrically conductive members 
layered alternately in a direction parallel to the surface 
572A of the vibration plate 572 and is affixed to the affix- 
ing surface of the protrusion 574 by an adhesive, not 
shown.. The number of the piezoelectric members and 
the electrically conductive members are arbitrary. 

If a driving voltage is applied across the layered 
piezo unit 576. it is linearly displaced in a direction 
opposite to the direction shown by arow M6 in Fig.80 
and raised about the protrusion 574 of the vibration 
plate 572 as center to increase the volume of the sec- 
ond pressurizing chamber 571 C. 

When the driving voltage applied across the layered 
piezo unit 576 is removed, the unit 576 is linearly dis- 
placed in a direction of arrow M6 to thrust the protrusion 
574 to warp the vibration plate 572 to decrease the vol- 
ume of the second pressurizing chamber 571 C to raise 
the pressure therein. Since the protrusion 574 is 
select d to be smaller in size than the surface 576A of 
the layered piezo unit 576 or the opening area of the 
second pressurizing chamber 571 C, displacement of 
the layered piezo unit 576 can be transmitted concen- 
tratedly to the portion of the vibration plate 572 in regis- 
ter with the secon d pre ssurizing chamber 531 C. 

Referring to Fig.81 . the numbers of the first pressu- 
rizing chambers 571 H, first nozzle inlet openings 571 1, 
first liquid supply ducts 571J, emission nozzles 573B, 
second pressurizing chambers 571 C. second nozzle 
inlet openings 571 D, second liquid supply ducts 5710 
and the quantitation nozzles 573A are plural. The pro- 



trusion 575, layered piezo unit 577, protrusion 574 and 
the layered piezo unit 576 are provided in association 
with the first pressurizing chambers 571 H and the , sec- 
ond pressurizing chambers 571 C. 

(2-3) Method for manufacturing the 'carrier jet printer' 
Head 

The method of manufacturing the 'carrier jet printer' 
head 555 is explained with reference to Fig.82. 

First, referring to Fig.82A, a resist, such as a photo- 
sensitive dry f flm or a liquid resist material, is coated on 
a surface 582A of a plate 582 of stainless steel having a 
thickness substantially equal to 0.2 mm. Then, pattern 
light exposure is carried out using a mask having a pat- 
tern corresponding to the second pressurizing chamber 
571 C, connection opening 571 G, first pressurizing 
chamber 571 H and to the connection opening 571 L, 
whilst a resist such as a photosensitive dry film or a liq- 
uid resist material, is coated on the opposite surface 
582B of the plate 582 and pattern light exposure is car- 
ried out using a mask having a pattern corresponding to 
the second nozzle inlet opening 571 D, second liquid 
supply duct 571 E, ink buffer tank 571 F. first nozzle inlet 
opening 5711, first liquid supply duct 571J and to the 
dilution solution buffer tank 571 K for forming resists 583 
and 584. 

Then, using the resists 583. 584 having these pat- 
terns as masks, the plate 582 is immersed in an etching 
solution of, for example, ferric chloride, for etching, for 
forming the second pressurizing chamber 571 C. con- 
nection opening 571 G, first pressurizing chamber 571 H 
and the connection opening 571 L on the surface 582A 
of the plate 582. On the opposite surface 582B of the 
plate 582 are formed the second nozzle inlet opening 
571 D, second liquid supply duct 571 E, ink buffer tank 
571 F. first nozzle inlet opening 5711, first liquid supply 
duct 571J and the dilution buffer tank 571 K, for complet- 
ing the pressurizing chamber forming unit 571. Atthis 
time, the hard member P is formed between the first 
nozzle inlet opening 571 1 and the dilution solution buffer 
tank 571J, whilst the hard member 571M is formed 
between the second nozzle inlet opening 571 D and the 
ink buffer tank 571 E. 

The etching quantity is selected so that the etching 
amount from the sole side of the plate 582 will be 
approximately slightly larger than one-half the thickness 
of the plate 582. If. for example, the plate material 582 is 
selected to be 0.2 mm in thickness, the etching amount 
from one surface of the plate material is selected to be 
approximately 0.055 mm. 

In this_manner,_the width_W26 of-theconnection 

opening 571 E2 interconnecting the second pressurizing 
chamber 57lCand the second liquid supply duct 571 E 
is formed to be larger than the width W25 of the main 
supply flow path 571 E1 of the second liquid supply duct 
571 E to prevent the width W26 of the connection open- 
ing 571 E2 from becoming smaller than the width W25 of 
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the main supply flow path 571 E1. Similarly, the width 
W29 of the connection opening 571J2 interconnecting 
the first pressurizing chamber 571 H and the first liquid 
supply duct 571 J is formed to be larger than the width 
W28 of the main supply flow path 571 J 1 of the first liquid 
supply duct 571J to prevent the width W29 of the con- 
n ction opening 571J2 from becoming smaller than the 
width W28 of the main supply flow path 571J1. 

Since the etching amount from one surface of the 
plate 582 is the same, the etching condition when form- 
ing the first pressurizing chamber 571 H, connection 
opening 571 L, second pressurizing chamber 571 C and 
the connection opening 571G on the surface 582A of 
the plate 582 is set so as to be the same as the etching 
condition when forming the first nozzle inlet opening 
5711, first liquid supply duct 571J, solution buffer tank 
571 K, second nozzle inlet opening 571 D, second liquid 
supply duct 571 E and the ink buffer tank 571 F, thus sim- 
plifying and shortening the process shown in Fig.82B. 

The first nozzle inlet opening 571 1 and the second 
nozzle inlet opening 571 D are selected to be larger in 
diameter than the emission nozzle 573B and the quan- 
titation nozzle 573A to such an extent as not to affect 
pressure rise in the first pressurizing chamber 571 H 
and in the second pressurizing chamber 571 C on pres- 
sure application to the first pressurizing chamber 571 H 
and to the second pressurizing chamber 571 C, respec- 
tively. 

Then, as shown in Fig.82C, the resists 583. 584 are 
removed, after which the resin member 585 of Neotlex 
having a thickness of approximately 50 \itr\ and a glass 
transition temperature of not higher than 250°C is 
affixed by thermal pressure bonding to the opposite sur- 
face 571 B of the pressurizing chamber forming unit 571 . 
The bonding is at a press-working temperature of 
approximately 230°C and a pressure of 20 to 30 
kgf/cm2. This improves the bonding strength between 
the pressurizing chamber forming unit 571 and the resin 
member 585 and efficiency in affixture. 

Then, as shown in Hg.77D, the excimer laser is illu- 
minated from the surface 571 A of the pressurizing 
chamber forming unit 571 via first pressurizing chamber 
571 H and first nozzle inlet opening 571J to the resin 
member 585 for forming the emission nozzle 573B in 
the resin member 585. Also, the excimer laser is 
obliquely illuminated from the surface 571 A of the pres- 
surizing chamber forming unit 571 via second pressu- 
rizing chamber 571 C and second nozzle inlet opening 
571D to the resin member 585 for forming the quantita- 
tion nozzle 573A in the resin member 585. This com- 
pletes the orifice plate 573. 

Then, as shown in Fig.82E, the vibration plate 572 
previously formed with the protrusions 574, 575 is 
bonded to the surface 571 A of the pressurizing cham- 
ber forming unit 571 using, for example, an epoxy- 
based adhesive. 

The layered piezo units 576. 577 are then affixed to 
the protrusions 574, 575 using, for example, an epoxy- 



based adhesive. The ink supply duct 579 and the dilu- 
tion solution supply duct 581 are then bonded to the 
vibration plate 572 in register with the through-holes 
572B, 572C of the vibration plate 572, respectively. This 
5 realizes the 'carrier jet printer* head 555. 

(2-4) Operation and Effect of the Second Embodiment 

In the above-described structure of the 'carrier jet 

10 printer* head 555. if a pre-set driving voltage is applied 
across the layered piezo units 576, 577, the latter are 
displaced in a direction opposite to the direction shown 
by arrow M5 in Rg.83 A Since this raises the portions of 
the vforation plate 572 in register with the second pres- 

75 surizing chamber 571 C and the first pressurizing cham- 
ber 571 H in the direction opposite to the direction 
shown by arrow M in Ftg.83A, the volume in the second 
pressurizing chamber 531 C and the first pressurizing 
chamber 571 H is raised. 

20 Although the meniscus at the quantitation nozzle 
573A and the emission nozzle 573B is momentarily 
receded towards the second pressurizing chamber 
571 C and the f irst pressurizing chamber 571 H, it is sta- 
bilized in the vicinity of the distal ends of the quantitation 

25 nozzle 573A and emission nozzle 533 A, once the dis- 
placement of the layered piezo units 576, 577 subsides, 
by equilibrium with the surface tension. 

During ink quantitation, the driving vottage 
impressed across the layered piezo unit 576 is annulled. 

30 as a result of which the layered piezo unit 576 is dis- 
placed in the direction of arrow M6 in Fig.83B and 
hence the vtoration plate 572 is displaced in a direction 
indicated by arrow M6. 

This reduces the volume in the second pressurizing 
35 chamber 571 C to raise the pressure therein. 

Since time changes of the driving vottage applied to 
the layered piezo unit 576 is set moderately so as to 
prevent the ink from flying from the quantitation nozzle 
573A, the ink is extruded without frying from the quanti- 
se tation nozzle 573A. 

Since the voltage value at the time of annulling the 
driving vottage applied across the layered piezo unit 576 
is set to a value corresponding to the gradation of pic- 
ture data, the amount of the ink extruded from the distal 
45 end of the quantitation nozzle 57A is n meeting with pic- 
ture data. 

During ink emission, the driving voltage impressed 
across the layered piezo unit 577 is annulled, as a result 
of which the layered piezo unit 577 is displaced in the 

so direction of arrow M6 and hence the vibration plate 572 
is displaced in a direction indicated by arrow M6. This 
decreases the volume in the pressurizing chamber 
571 H for raising the pressure in the first pressurizing 
chamber 57 iH to emit a mixed solution having an ink 

55 concentration corresponding to picture data via emis- 
sion nozzle 573B. It is noted that time changes of the 
driving voltage impressed across the layered piezo unit 
577 are set so as to emit the mixed solution via emis- 
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sion nozzle 573B. 

Since the width W26 of the connection opening 
571 E2 interconnecting the second liquid supply duct 
571 E and the second pressurizing chamber 571 C is 
selected to be larger than the width W25 of the main 
supply flow path 571 E1 , the flow path resistance of the 
supply flow path 571 E can be prohibited from being 
affected by the connection opening 571 E2. On the other 
hand, since the width W29 of the connection opening 
571J2 interconnecting the first liquid supply duct 571J 
and the first pressurizing chamber 571 H is selected to 
be larger than the width W28 of the main supply flow 
path 571J1, the flow path resistance of the supply flow 
path 571J can be prohibited from being affected by the 
connection opening 571J2. 

Thus, in the present 'carrier jet printer' head 555, 
the ink supplied from the ink buffer tank 571 F via sec- 
ond liquid supply duct 571 E is supplied to the second 
pressurizing chamber 571 C by the flow path resistance 
in the main supply flow path 571 E1 of the second liquid 
supply- duct 571 E, whilst the dilution solution supplied 
from the dilution solution buffer tank 571 K via first liquid 
supply duct 571J is supplied to the first pressurizing 
chamber 571 H by the flow path resistance in the main 
supply flow path 571J1 of the first liquid supply duct 
571J thus maintaining a substantially constant flow path 
resistance of each second liquid supply duct 571 E and 
each first liquid supply duct 571J, that is significantly 
reducing the connection troubles between the second 
pressurizing chamber 571C and the second liquid sup- 
ply duct 571 E and between the first pressurizing cham- 
ber 571C and the first liquid supply duct 571J. 

Moreover, since there is no necessity of increasing 
the length of the second liquid supply path 571 E and the 
first liquid supply duct 571J to render the flow path 
resistance in each second liquid supply duct 571 E and 
in each first liquid supply duct 571J constant, it 
becomes posstole to prevent the area of the second liq- 
uid supply duct 571 E and the first liquid supply duct 
571J in the 'carrier jet printer* head 555 from being 
increased. 

Also, in this carter jet printer head 555. since the 
width of the connection opening 571 E2 of the second 
liquid supply duct 571 E is larger than the thickness of 
the pressurizing chamber forming unit 571, while the 
width W25 of the main supply flow path 571 E1 of the 
second liquid supply duct 571 E, narrower in width than 
the second pressurizing chamber 571 C, is less than the 
thickness of the pressurizing chamber forming unit 571 , 
the flow path resistance of each liquid supply duct 571 E 
can be rendered constant more satisfactorily Moreover, 
since the width W29of the conn ection opening 571J2 of 
the first liquid supply duct 571 J is larger than the thick- 
ness of the pressurizing chamber forming unit 571 , and 
the width W28 of the main supply flow path 571 J 1 of the 
first liquid supply duct 571 J, narrower in width than the 
first pressurizing chamber 571 H, is less than the thick- 
ness of the pressurizing chamber forming unit 571, the 



flow path resistance of each liquid supply duct 571 E can 
be rendered constant more satisfactorily. 

In the above structure, in which the width W26 of 
the connection opening 57 1 E2 of the second liquid sup- 

5 ply duct 571 E as a connection portion between the sec- 
ond pressurizing chamber 571 C and the main supply 
flow path 571 E1 of the second liquid supply duct 571 E 
is larger than the width W25 of the second liquid supply 
duct 571 E, while the width W29 of the connection open- 

10 ing 571J2 of the first liquid supply duct 571J as a con- 
nection portion between the first pressurizing chamber 
571 H and the first liquid supply duct 571J is larger than 
the width W28 of the main supply flow path 571J1 of the 
first liquid supply duct 571 J, the ink can be supplied to 

is the second pressurizing chamber 571 C by the flow path 
resistance in the main supply flow path 571 El of the 
second liquid supply duct 571 E. while the dilution solu- 
tion can be supplied to the first pressurizing chamber 
571 H by the flow path resistance in the main supply flow 

20 path 571J1 of the first liquid supply duct 57 U, the flow 
path resistance in each second liquid supply duct 571 E 
and in each liquid supply duct 571J can be rendered 
substantially constant while the area of the second liq- 
uid supply duct 571 E and in each liquid supply duct 

25 571J in the 'carrier jet printer' head 555 can be pre- 
vented from being increased. 

This realizes the 'carrier jet printer* head 555 capa- 
ble of stably emitting the mixed solution without increas- 
ing the size of the 'carrier jet printer* head 555. 

30 

(3) Other Embodiments 

In the above-described first embodiment, the 'ink jet 
printer* head 515 employing the orifice plate 533 is 

35 used. The present invention, however, is not limited to 
this configuration since an Ink jet printer* head 590 
shown in Fig.84 may be used as an Ink jet printer head 
for achieving the effect similar to that of the first embod- 
iment In Fig.84, parts or components similar to those of 

40 Fig.75 are depicted by the same reference numerals. 

In the present Ink jet printer* head 590. an orifice 
plate 591 shown in Fig.85 is used in place of the orifice 
plate 533. 

The orifice plate 591 is made up of a second resin 
45 member 592 of a thickness approximately 125 jim and 
a glass transition temperature of not less than 250°C 
and a first resin member 593 of a thickness approxi- 
mately 7 iim and a glass transition temperature of not 
higher than 250°C coated on one surface of the first 
so resin member. In the present Ink jet printer* head 590. 
the orifice plate 591 is formed with an emission nozzle 

^1A_communicating wth_the_nozzle Jnlet-opening 

531 D. 

This Ink jet printer* head 590 can be manufactured 
55 by a method corresponding to that shown in Fig. 77. 

In the above-described first embodiment, the Inkjet 
printer* head 515 adapted for impressing the pressure 
to the pressurizing chamber 531 C using the layered 
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piezo unit 535 rs used. The present invention, however, 
is not limited to this configuration since an Ink jet printer* 
head 600 shown in Rgs.86 and 87 may be used as an 
Ink jet printer 1 head for achieving the effect similar to 
that of the first embodiment. Fig. 86 shows the cross- 5 
section taken along line G-G' in Fig.87. 

In the Inkjet printer* head 600, a vibration plate 601 
is formed in a portion of the surface 531 A of the vibra- 
tion plate 531 in register with the pressurizing chamber 
53 1C. while a plate-shaped piezoelectric device 602 is to 
layered on the vibration place 601 . 

The direction of polarization and voltage impression 
of the piezoelectric device 602 is set so that on voltage 
application across the piezoelectric device 602, the lat- 
ter is contracted in the in-plane direction of the vtoration is 
plate 601 so as to be flexed in the direction of arrow M6. 

Thus, in the present Ink jet printer 1 head 600, if a 
driving voltage is applied across the piezoelectric 
device 602, the latter is flexed from the initial state 
shown in Rg.88B in a direction of arrow M5 in Fig.83B 20 
to thrust and warp the vfcration plate 532. This 
decreases the volume of the pressurizing chamber 
53 1C to raise the pressure therein to emit the ink via 
emission nozzle 533A. 

In this case, time changes of the driving voltage 2s 
applied across the piezoelectric device 602 are selected 
to a voltage waveform capable of emitting the ink via 
emission nozzle 533A. 

In the present ink jet printer' head 600. the above- 
mentioned orifice plate 591 may be used in place of the so 
orifice plate 533 for realizing the similar effect 

In the above-described first embodiment, the etch- 
ing quantity is selected so as to be approximately 
slightly larger than one-half the thickness of the plate 
538. The present invention, however, is not limited to 35 
this configuration. Thus, for example, in the etching 
process of Fig.77B, the etching quantity of immersing in 
the surface 538A and opposite surface 538B of the plate 
538 may be varied for producing a pressurising cham- 
ber forming unit 621 formed with a pressurizing charrv 40 
ber 621 A, a connection opening 621 B, a liquid supply 
duct 621 C. an ink buffer tank 621 D, and with a nozzle 
inlet opening 621 E, as shown in Fig.89 showing corre- 
sponding parts of Fig. 77 by the same reference numer- 
als. In this case, the pressurizing chamber 62 1 A and the 45 
liquid supply duct 621 C communicate with each other 
via opening 621 C2 with the pressurizing chamber 621 A 
being larger in depth than the liquid supply duct 62 1C. 

The width of the main supply flow path 621 C1 may 
be selected to be larger than the width of the connection so 
opening 621 C2 of the liquid supply duct 621 for realizing 
the effect similar to that of the first embodiment 
described previously. 

Also, in the above-described first embodiment 
each liquid supply duct 531 E is formed for extending in 55 
a direction perpendicular to the arraying direction of the 
pressurizing chambers 531 C (direction perpendicular to 
the connection surface 531 F of the ink buffer tank 531 F 



to the liquid supply duct 531 E). The present invention, 
however, is not limited to this configuration since the 
main supply flow path 531E1 may be set obGquety with 
respect to the arraying direction of the pressurizing 
chambers 531 C, that is obliquely relative to the connec- 
tion surface 53 1 F1 for the ink buffer tank 53 1 F as shown 
in Fig.90 showing corresponding parts of Rg.76 by the 
same reference numerals. Since the length of the pres- 
surizing chamber 531 C in a direction perpendicular to 
the arraying direction of the pressurizing chambers 
531 C can be shortened significantly, the Ink jet printer* 
head 515 can be reduced in size. 

If, as shown in Fig.91 , the main supply flow path 
531 E1 is formed obliquely to the arraying direction of 
the pressurizing chambers 531 C, the effect similar to 
that of the above-described first embodiment can be 
realized by enlarging the width of the connection open- 
ing 531 E2 of the liquid flow duct 531 E as compared to 
that of the main supply flow path 531 El. 

It should be noted that if, as shown in Fig.90, a first 
main supply flow path 531 E1 A, among the main supply 
flow paths 531 E1 , is formed for extending in a direction" 
perperxficuiar to the arraying direction of the pressuriz- 
ing chambers 531C, so that the angle 021 between the " 
centerfine C21 of a second main supply flow path 
531 E1 B (a line perpendicular to the arraying direction of 
the pressurizing chambers 531 C) and the centerline 
C22 of the first main supply flow path 531 El A will be f 
70°, the length of the pressurizing chamber 531C in the 
direction perpendicular to the arraying direction of the 
pressurizing chambers 531 C can be reduced to a 
length approximately 40% or less of that if the liquid 
supply duct 531 E is formed n a direction perpendicular 
to the arraying direction of the pressurizing chambers 
531 C, that is if the liquid supply duct 531 E is formed for 
extending in a direction perpendicular to the connection 
surface 531 F1 of the ink buffer tank 531 F. Thus, the pro- 
portion of the liquid supply ducts 531 E in the Ink jet 
printer' head 515 in a direction perpendicular to the 
arraying direction of the pressurizing chambers 53 1C 
can be reduced by not less than approximately 60%. 

If, as shown in Fig.90. the arraying pitch P21 
of the pressurizing chamber 531 C, angle 021, the 
width W22 and depth d21 of the main supply flow 
path 531 E1 of each liquid supply duct 53 1E are 
selected to be 0.68 mm, 70°. 0.1 mm and 0.1 mm, 
respectively, the separation d22 of the centerline C22 of 
the main liquid supply ducts 531E1 A is on the order of 
0.69 mm x cos70° = 0.23 mm . Therefore, if the width 
W22 of the main liquid supply ducts 531 E 1 A of the liquid 
supply duct 531 E is selected to be 0.1 mm. the separa- 
tion d23 of the first main supply flow path s 531 E1 A can 
be set to approximately 0.13 mm, so that there is no 
necessity of taking jnto account the ink leakage occur- 
ring between the liquid supply ducts 531 E during bond- 
ing the resin member 541 to the pressurizing chamber 
forming unit 531 . thus facilitating the bonding process 
for the resin member 541 . 
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In the above-descrfced second embodiment the 
'carrier jet printer* head 555 employing the orifice plate 
573 of Neoflex having a gjass transition temperature of 
200°C is used. The present invention, however, is not 
limited to this configuration since a 'carrier jet printer* s 
head 630 shown in Rg.93 may be used for realizing the 
effect simitar to that of the above-described second 
embodiment. In Fig.93, parts or components similar in 
structure to those shown in Rg.80 are depicted by the 
same reference numerals. to 

This 'carrier jet printer* head 630 uses an orifice 
plate 631 shewn in Rg.94 in place of the orifice plate 
573. 

The orifice plate 631 is made up of a second resin 
member 232 of Capton (trade name) manufactured by 
DU PONT with a thickness of approximately 255 pm 
and a glass transition temperature of not higher than 
250°C and a first resin member 633 of Neoflex of a 
thickness approximately 7 jim and a glass transition 
temperature of not higher than 250°C coated on one 
surface of the first resin member. In the present 'carrier 
jet printer* head 630, the orifice plate 631 is formed with 
a quantitation nozzle 631 A and an emission nozzle 
631 B. 

In the above-described second embodiment 
directed to the 'carrier jet printer* head 555 in which the 
pressure is applied to the first pressurizing chamber 
571 H and the second pressurizing chamber 571 C using 
the layered piezo unit577, 576, the present invention is 
not limited to the configuration since the effect compara- 
ble to that of the above-described second embodiment 
an be achieved by employing a 'carrier jet printer' head 
640 shown in Figs.95 and 96 showing corresponding 
parts of Rg.80 by the same reference numerals. 

In the present 'carrier jet printer' head 640. the 
vibration plates 641, 642 are bonded to the portions of 
the surface 572A of the vibration plate 572 in register 
with the second pressurizing chamber 571 C and the 
first pressurizing chamber 571 H, whilst plate-shaped 
piezoelectric devices 643, 644 are layered on the vibra- 
tion plates 641 , 642, respectively. 

The direction of polarization and voltage impression 
of the piezoelectric devices 643, 644 is set so that on 
voltage application across the piezoelectric devices 
643. 644. the latter are contracted in the in-plane direc- 
tion of the vforation plates 641 , 642 so as to be flexed in 
the direction of arrow M6. 

In actuality, in the present 'carrier jet printer* head 
640, there is no driving voltage applied across the pie- 
zoelectric devices 643, 644 in the emission ready state 
shown in Rg.97A, such that a meniscus of the ink and 

the dilution solutio n is form ed at a position of equilibrium 

with the surface tension, that is in the vicinity of the dis- 
tal ends of the quantitation nozzle 573A and the emis- 
sion nozzle 573B. 55 

During ink quantitation, a driving voltage is applied 
across the piezoelectric devices 643. 644. This causes 
the piezoelectric device 643 to be flexed in the direction 
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of arrow M6 in Rg.97B to warp the portion of the vibra- 
tion plate 572 in register with the second pressurizing 
chamber 571 C of the vfcration plate 572 in a direction 
shown by arrow M6, as a result of which the volume of 
the second pressurizing chamber 571 C is decreased to 
raise the pressure therein. 

Since the value of the voltage applied across the 
piezoelectric device 643 is set to a value corresponding 
to the gradation of picture data, the amount of ink emit- 
ted from the distal end of the quantitation nozzle 573A is 
in meeting with the picture data. 

The ink in the state extruded from the quantitation 
nozzle 573A is contacted and mixed with the dilution 
solution forming the meniscus in the vicinity of the distal 
end of the emission nozzle 573B. 

During ink emission, a driving voltage is applied 
across the piezoelectric device 643. This causes the 
piezoelectric device 644 to be flexed in the cfirection of 
arrow M6 in Rg.97C to warp the portion of the vibration 
plate 572 in register with the first pressurizing chamber 
571 H of the vforation plate 572 in a direction shown by 
arrow M6, as a result of which the volume of the first 
pressurizing chamber 571 H is decreased to raise the 
pressure therein. Thus, the mixed solution having an ink 
concentration corresponding to the picture data is emit- 
ted via emission nozzle 573B. 

It should be noted that time changes of the driving 
voltage applied across the piezoelectric device 644 are 
set so that the mixed solution can be emitted via emis- 
sion nozzle 573B. 

In the present 'carrier jet printer* head 640, the ori- 
fice plate 631 can be used in place of the orifice plate 
573 for realizing the effect similar to that described 
above. 

In the above-described second embodiment the 
etching quantity is selected so as to be approximately 
slightly larger than one-half the thickness of the plate 
582. The present invention, however, is not limited to 
this configuration, for example, in the etching process of 
Fig.82B, the etching quantity of immersing in the sur- 
face 582A and opposite surface 582B of the plate 582 
may be varied for producing a pressurizing chamber 
forming unit 661 formed with a second pressurizing 
chamber 661 A, a connection opening 661 B, a second 
liquid supply duct 661 C, an ink buffer tank 661 D, a noz- 
zle inlet opening 661 E, a first pressurizing chamber 
661 A, a connection opening 661 G, a first liquid supply 
duct 661 H , a dilution solution buffer tank 661 1 and a dilu- 
tion solution inlet opening 661 J so that the depth of the 
second and first pressurizing chambers will be larger 
than that of the second and first liquid supply ducts, as 
shown.in.Rg.98 showing corresponding parts of Rg.82 
by the same reference numerals. 

The width of the connection opening 661 C2 is 
selected to be larger than the width of the main supply 
flow path 661 CI of the second liquid supply duct 661 C, 
while the width of the connection opening 661 H2 is 
selected to be larger than the width of the main supply 
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flow path 621 C21 of the second liquid supply duct 66C 
for realizing the effect similar to that of the first embodi- 
ment described previously. 

In the above-described second embodiment, each 
second liquid supply duct 571 E is formed for extending s 
in a direction perpendicular to the arraying cfirection of 
the second pressurizing chambers 571 C( in a direction 
perpendicular t the connection surface 571 f between 
the ink buffer tank 571 F and the second liquid supply 
duct 571 E), while the each first liquid supply duct 571 J 10 
is formed for extending in a direction perpendicular to 
the arraying direction of the first pressurizing chambers 
571 H ( in a direction perpendicular to the connection 
surface 571 K1 between the dilution buffer tank 571 K 
and the first liquid supply duct 571 J) . The present inven- is 
tion. however, is not limited to this configuration since 
the main supply flow path 531 E1 may be set at an angle 
relative to the obliquely with respect to the arraying 
direction of the second pressurizing chambers 571 C, 
that is obliquely relative to the connection surface 20 
571 F1 for the ink buffer tank 571 F as shown in Fig.99 
showing corresponding parts of Rg.81 by the same ref- 
erence numerals. 

Since the length of the second pressurizing cham- 
ber 571 C in a direction perpendicular to the arraying 2s 
direction of the second pressurizing chambers 571 C 
can be shortened significantly while the length of the 
first pressurizing chamber 571 H in a direction perpen- 
dicular to the arraying direction of the first pressurizing 
chambers 571 H can also be shortened significantly, the 30 
Inkjet printer* head 515 can be reduced in size. 

Even if the main supply flow path 571 E1 of the sec- 
ond liquid supply duct 571 E is formed obliquely relative 
to the arraying cfirection of the second pressurizing 
chambers 571 C, and the main supply flow path 571J1 35 
of the second liquid supply duct 571J is formed 
obliquely relative to the arraying direction of the first 
pressurizing chambers 571 H, the favorable effect simi- 
lar to that obtained by the second embodiment can be 
realized by selecting the width of the connection open- 40 
ing 571E2 of the second liquid supply duct 571 E to be 
larger than the width of the main supply flow path 571 E1 
and by selecting the width of the connection opening 
571J2 of the first liquid supply duct 571 J to be larger 
than the width of the main supply flow path 571J1 . 45 

It should be noted that if, as shewn in Fig.99, a first 
main supply flow path 571 E1 A, among the main supply 
flow paths 571 E1, is formed is formed for extending 
obliquely to the arraying direction of the second pressu- 
rising chambers 571 C, so that the angle 631 between so 
the centerline C31 of a second main supply flow path 
571 E1 B (a line perpendicular to the arraying direction of 
the second pressurizing chambers 571 C) and the cen- 
terline C32 of the first main supply flow path 571 E1 A will 
be 70°, the length of the second pressurizing chamber ss 
571 C in the direction perpendicular to the arraying 
direction of the second pressurizing chambers 571 C 
can be reduced to a length approximately 40% or less of 



that if the second Squid stpply duct 571 E is formed in a 
direction perpendicular to the arraying cfirection of the 
second pressurizing chambers 571 C, that is if the sec- 
ond liquid supply duct 571 E is formed tor extending in a 
direction perpendicular to the connection surface 571 F1 
of the ink buffer tank 571 F Thus, the proportion of the 
second liquid supply ducts 571 E in the 'carrier jet 
printer* head 555 in a direction perpendicular to the 
arraying direction of the second pressurizing chambers 
571C can be reduced by not less than approximately 
60%. 

Similarly, if a first main supply flow path 571J1A, 
among the main supply flow paths 571 J1, is formed for 
extending obliquely to the arraying direction of the first 
pressurizing chambers 571 H. so that the angle 032 
between the centerline C33 of the first main supply flow 
path 571J1A (a line perpendicular to the arraying direc- 
tion of the first pressurizing chambers 571 H) and the 
centerline C34 of the first main supply flow path 571J1 A 
will be 70°, the length of the first pressurizing chamber 
571 H in the direction perpendicular to the arraying 
direction of the first pressurizing chambers 571 H can be 
reduced to a length approximately 40% or less of that "rf 
the first liquid supply duct 571J is formed in a direction 
perpendicular to the arraying direction of the first pres- 
surizing chambers 571 H, that is if the first liquid supply 
duct 571J is formed for extending in a direction perpen- 
dicular to the connection surface 571 Kl of the dilution 
solution buffer tank 571 F. 

Thus, the proportion of the first liquid supply ducts 
571 J in the 'carrier jet printer head 555 in a direction 
perpendicular to the arraying direction of the first pres- 
surizing chambers 571C can be reduced by not less 
than approximately 60%. 

Since the proportion of the second liquid supply 
ducts 571 E in the 'carrier jet printer' head 555 in a direc- 
tion perpendicular to the arraying direction of the sec- 
ond pressurizing chambers 571 C can be reduced by not 
less than 60%, while the proportion of the first liquid 
supply ducts 571J in the 'carrier jet printer* head 555 in 
a direction perpendicular to the arraying direction of the 
can be reduced by not less than 60%, the 'carrier jet 
printer' head 555 can be reduced in size more signifi- 
cantly than the 'ink jet printer* head 555. 

If, as shown in Figs.99, 1 00, the arraying 
pitches P31, P32 of the second pressurizing cham- 
ber 531 C and the first pressurizing chambers 571 H, 
angles 631, ,632, the widths W35. W38 and the 
depth d31 of the second liquid supply duct 531 E 
and the first liquid supply duct 531 J are selected to 
be 0.68 mm, 70°, 70°, 0.1 mm, 0.1 mm and 0.1 mm, 
respectively, the separation d32 of the centerline €22 of 
the main liquid supply ducts 571 E1 A is on the order of 
0.68 mm x cos70° = 0.23 mm . Therefore, if the width 
W35 of the main liquid supply ducts 571 E1 A of the sec- 
ond liquid supply duct 571 E is selected to be 0.1 mm, 
the separation d33 of the first main supply flow paths 
571E1A can be set to approximately 0.13 mm, so that 
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there is no necessity of taking into account the ink leak- 
age occurring between the second liquid supply ducts 
571 E during bonding the resin member 541 to the pres- 
surizing chamber forming unit 571, thus facilitating the 
bonding process for the resin member 585. The same 
may be said of the dilution solution side. 

In the second embodiment descrbed above, the 
ink is set to the quantitating side, while the dilution solu- 
tion is set to the emitting side. The present invention, 
however, is not limited to this embodiment such that the 
effect similar to that of the previous embodiment can be 
achieved by setting the ink and the cfilution solution to 
the emission and quantitating sides, respectively. 

In the above-described embodiment, the present 
invention is applied to a serial type printer device. This 
invention is not limited to this embodiment such that it 
can be applied to a line type or drum rotating type 
printer device The line line type printer device may use 
the above-described 'ink jet printer' heads 590 or 600. 
The line type or drum rotating type printer device may 
also use the above-mentioned 'carrier jet printer* heads 
555, 630 or 640. 

In the above-descrfced embodiment the orifice 
plates 533, 573 are thermally affixed to the pressurizing 
chamber forming units 531, 571, respectively, at a 
press-working temperature of the order of 230°C at a 
pressure of 20 to 30 kgf/cm2. The present invention, 
however, is not limited to this embodiment such that the 
orifice plates 533, 573 can be thermally affixed to the 
pressurizing chamber forming units 531, 571, respec- 
tively, at various other numerical conditions provided 
that sufficient bonding strength can be achieved. 

In the above-described embodiment, the eximer 
laser is used. The present invention, however, is not lim- 
ited to this embodiment such that other lasers such as 
carbonic gas lasers may be used. 

In the above-described embodiments, the widths of 
the pressurizing chamber 53 1C, second pressurizing 
chamber 571 C and the first pressurizing chamber 571 H 
are selected to be 0.4 mm. The present invention, how- 
ever, is not limited to these embodiments since various 
other values can be used as the widths of the pressuriz- 
ing chamber 531 C, second pressurizing chamber 571 C 
and the first pressurizing chamber 571 H. 

Also, in the above-described embodiments, the 
widths of the main supply flow path 531 E1 of the liquid 
supply duct 531 E, main supply flow path 571 E1 of the 
second liquid supply duct 571 E and the main supply 
flow path 571J1 of the first liquid supply duct 571J are 
selected to be 0.15 mm. The present invention, how- 
ever, is not limited to these embodiments since various 
_ ot her v alues can be used as the widthsof the main sup^_ 
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ply flow path 531 E1 of the liquid supply duct 531 E, main 
supply flow path 571 E1 of the second liquid supply duct 
571 E and the main supply flow path 571J1 of the first 
liquid supply duct 571 J. 

If, in this case, the width of the liquid supply duct 
531 E is smaller than the width of the pressurizing cham- 
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ber 531C and the widths of the second liquid supply 
duct 571 E and the first Bqiid supply duct 571 J are 
smaller than the width of the first pressurizing chamber 
571 H, the width of the liquid supply duct 531 E can be 
made smaller than the thictaiess of the pressurizing 
chamber forming unit 531 , while the widths of the sec- 
ond pressurizing chamber 571 C and the first pressuriz- 
ing chamber 571 H can be made smaller than the 
thickness of the pressurizing chamber forming unit 571 , 
for further reducing connection troubles between the 
second liquid supply duct 571 E and the second pressu- 
rizing chamber 571 C and between the first liquid supply 
duct 57U and the first pressurizing chamber 571 H. 

Also, in the above embodiments, the width of the 
connection opening 531E2 of the liquid supply duct 
531 E, width of the connection opening 571 E2 of the 
second liquid supply duct 571 E and the width of the 
connection opening 571J2 of the first liquid supply duct 
571J are selected to be 0.2 mm. The present invention, 
however, is not limited to these embodiments since var- 
ious other values can be used as the widths of the con- 
nection opening 531E2, connection opening 571 E2 and 
the width of the connection opening 571 J2 of the first 
liquid supply duct 571J. 

In this case, the width of the connection opening 
531 E2 of the liquid supply duct 531 E can be larger than 
the thickness of the pressurizing chamber forming unit 
531 , while the width of the connection opening 571 E2 of 
the second liquid supply duct 571 E and the width of the 
connection opening 571J2 of the first liquid supply duct 
571J can be larger than the thickness of the pressuriz- 
ing chamber forming unit 571 for further reducing con- 
nection troubles between the second liquid supply duct 
571 E and the second pressurizing chamber 571 C and 
between the first liquid supply duct 571J and the first 
pressurizing chamber 571 H. 

In the above-described embodiments, the pressu- 
rizing chamber forming unit 531 is used as a pressuriz- 
ing chamber forming unit on one surface of which is 
formed a pressurizing chamber charged with the ink 
solution and on the other surface of which are formed 
the liquid supply duct communicating with the pressuriz- 
ing chamber via nozzle inlet opening and the nozzle 
inlet opening communicating with the pressurizing 
chamber. The present invention, however, is not limited 
to this configuration since various other pressurizing 
chamber forming units may be used as the pressurizing 
chamber forming unit on one surface of which is formed 
a pressurizing chamber charged with the ink solution 
and on the other surface of which are formed the liquid 
supply duct communicating with the pressurizing cham- 
ber via nozzle inlet opening and the nozzle inlet opening 
communicating with the pressurizing chamber. 

In the above-described embodiments, the orifice 
plate 533 is used as the orifice plate having a nozzle 
communicating with the nozzle inlet opening on the 
other surface of the pressurizing chamber forming unit 
for emitting the ink solution to outside via emission noz- 
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zle. The present invention, however, is not limited to this 
configuration since various other orifice plates may be 
used as an orifice plate having a nozzle communicating 
with the nozzle inlet opening on the other surface of the 
pressurizing chamber forming unit for emitting the ink 5 
solution to outside via emission nozzle provided that the 
orifice plate is formed of a thermoplastic organic mate- 
rial having a glass transition temperature not higher 
than 250°C. 

In the above-descrfoed embodiments, the vforation 10 
plate 532, protrusion 534, vforation plate 532 and the 
vforation plate 601 are used as the pressure transmit- 
ting members affixed to the surface of the pressurizing 
chamber forming unit The present invention, however, 
is not limited to this configuration since various other is 
pressuring means provided on the pressure transmitting 
member for generating a pre-set pressure in the solu- 
tion chamber by thrusting the portion of the pressure 
transmitting member contacted with the solution cham- 
ber. 20 

In the above-described embodiments, the protru- 
sion 534, layered piezo unit 535, vibration plate 601 and 
the piezoelectric device 602 are used as pressurizing 
means provided in the pressure transmitting member 
and adapted for thrusting its portion contacted with the 2s 
solution chamber for generating a pre-set pressure in 
the solution chamber. The present invention, however, 
is not limited to this configuration since various other 
pressurizing means may be used as pressurizing 
means provided in the pressure transmitting member 30 
and adapted for thrusting its portion contacted with the 
solution chamber for generating a pre-set pressure in 
the solution chamber. 

In the above-described embodiments, the pressu- 
rizing chamber forming unit 571 is used as the pressu- ss 
rizing chamber forming unit on one surface of which are 
formed the first pressurizing chamber charged with the 
dilution solution and second pressurizing chamber 
charged with the ink an on the other surface of which 
are formed the first liquid supply duct communicating 40 
via first connection opening with the first pressurizing 
chamber, first nozzle inlet opening communicating with 
the first pressurizing chamber, second liquid supply 
duct communicating via second connection opening 
with the second pressurizing chamber and the second 45 
nozzle inlet opening communicating with the second 
pressurizing chamber. The present invention, however, 
is not limited to this configuration since various other 
pressurizing chamber forming units may be applied as 
the pressurizing chamber forming unit on one surface of so 
which are formed the first pressurizing chamber 
charged with the dilution solution and the second pres- 
surizing chamber charged with the ink and on the other 
surface of which are formed the first liquid supply duct 
communicating via first connection opening with the first ss 
pressurizing chamber, first nozzle inlet opening commu- 
nicating with the first pressurizing chamber, second liq- 
uid supply duct communicating via second connection 



opening with the second pressurizing chamber and the 
second nozzle inlet opening communicating with the 
second pressurizing chamber, provided that the pressu- 
rizing chamber forming unit has a thickness not less 
than 0.1 mm. 

In the above-described embodiments, the orifice 
plate 573 is used as the orifice plate having on the 
opposite surface of the pressurizing chamber forming 
unit the first emission nozzle communicating with the 
first nozzle inlet opening and the second nozzle inlet 
opening communicating with the second nozzle inlet 
opening and which is adapted for emitting the mixed 
solution composed of the nixed solution and the ink via 
emission nozzle to outside. The present invention, how- 
ever, is not limited to this configuration since various 
other orifice plates may be used as an orifice plate hav- 
ing on the opposite surface of the pressurizing chamber 
forming unit the first emission nozzle communicating 
with the first nozzle inlet opening and the second nozzle 
inlet opening communicating with the second nozzle 
inlet opening and which is adapted for emitting the 
mixed solution composed of the mixed solution and the 
ink via emission nozzle to outside, provided that the ori- 
fice plate is formed of a thermoplastic organic material 
having the glass transition temperature of not higher 
than250°C. 

In the above-described embodiments, the vibration 
plate 572, protrusions 574 and 575 and the vibration 
plates 572, 641 and 642 are used as the pressure trans- 
mitting members affixed to the surface of the pressuriz- 
ing chamber forming unit. The present invention, 
however, is not limited to this configuration since various 
other pressure transmitting members may be used as 
the pressure transmitting member affixed to the surface 
of the pressurizing chamber forming unit 

In the above-described embodiments, the protru- 
sion 574, layered piezo unit 576, vibration plate 641 and 
the piezoelectric device 643 are used the second pres- 
surizing means provided on the pressure transmitting 
member for thrusting the portion of the pressure trans- 
mitting member contacted with the second pressurizing 
chamber for generating a pre-set pressure in the sec- 
ond pressurizing chamber. The present invention, how- 
ever, is not limited to this configuration since various 
other pressuring means may be used as the second 
pressurizing means provided on the pressure transmit- 
ting member for thrusting the portion of the pressure 
transmitting member contacted with the second pressu- 
rizing chamber for generating a pre-set pressure in the 
second pressurizing chamber. 

Also, in above-described embodiments, the protru- 
sion 575, the layered piezo unit 577, vibration plate 642 
and the piezoelectric device 644 are used as the first 
pressurizing means provided on the pressure transmit- 
ting member and adapted for thrusting the portion of the 
pressure transmitting member contacted with the first 
pressurizing chamber for generating the pre-set pres- 
sure in the first pressurizing chamber. However, is not 
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limited to this configuration since various other pressur- 
ing means may be used as the first pressurizing means 
provid d on the pressure transmitting member and 
adapted for thrusting the portion of the pressure trans- 
mitting member contacted with the first pressurizing 5 
chamber for generating the pre-set pressure in the first 
pressurizing chamber. 

4. Embodiments Corresponding to Eleventh Subject- 
Matter and Twelfth Subject-matter of th e Invention 

(1) First Embodiment 

In the present embodiment description is made of 
an embodiment in which the invention is applied to an 
Ink jet printer* device adapted for emitting only the ink. 
that is to an eleventh embodiment 

(1-1) Structure of the Inkjet printer* Device 

The overall structure of the Ink jet printer* device of 
the instant embodiment is similar to that of the first 
embodiment corresponding to the first subject-matter 
and the second subject-matter of the present invention 
and hence is not explained here specifically. In the 'car- 
rier jet printer 1 of the present embodiment of the Ink jet 
printer* device, the 'ink jet printer* device as later 
explained is used in place of the printer head 15 
described previously. Since the controller similar to the 
previously explained controller is used in the instant 
embodiment of the ink jet printer device, the corre- 
sponding explanation also is not made specifically. 

(1-2) Structure of Inkjet printer* Head 

The structure of the Ink jet printer* head of the 
instant embodiment of the Ink jet printer* device is 
explained. That is, in the present embodiment, a vibra- 
tion plate 732 is affixed to a surface 731 A of a plate- 
shaped pressurizing chamber forming unit 731 . while an 
orifice plate 733 as a plate-shaped resin member is 
affixed to the opposite surface 73 1B of the pressurizing 
chamber forming unit 731 . A layered piezo unit 775 as a 
piezoelectric device is affixed via protrusion 734 to a 
surface 732A of the vibration plate 732 of the Ink jet 
printer* head 715. An expelled liquid disposing film 742 
is formed around the portion of the orifice plate 733 in 
which is opened an emission nozzle 733A as later 
explained. 

The pressurizing chamber forming unit 731 is 
formed by a stainless steel plate of a thickness approxi- 
mately equal to 0.1 mm. The pressurizin g chamber 
forming unit 731 includes a pressurizing chamber 731C 
for applying a pressure to the ink being charged, a liquid 
supply duct 73 1E communicating with an end of the 
pressurizing chamber 73 1C for serving as a channel for 
supplying the ink to the pressurizing chamber 731 C, a 
nozzle inlet opening 73 1D formed on the opposite end 



of the pressurizing chamber 731 C for operating as a 
through-hole for guiding the ink charged into the pressu- 
rizing chamber 73 1C towards the emission nozzl 733 A, 
an ink buffer tank 731 F for delivering the ink to the liquid 
supply duct 731E and a connection opening 731G for 
guiding the ink supplied from the ink supply duct 737 
into the inside of the ink buffer tank 731 F. 

The pressurizing chamber 73 1C is formed for 
extending from a mid portion in the direction of thick- 
ness of the pressurizing chamber forming unit 731 
towards the side 731 A of the pressurizing chamber 
forming unit 731. The nozzle inlet opening 731D is 
formed on the opposite end of the pressurizing chamber 
731 C for extending from the mid portion in the direction 
of thickness of the pressurizing chamber forming unit 
731 towards the opposite surface 731 B of the pressuriz- 
ing chamber forming unit 731 . 

Similarly to the nozzle inlet opening 731 D, the liquid 
supply duct 731 E is formed for extending form the mid 
portion in the direction of thickness of the pressurizing 
chamber forming unit 731 towards the opposite side 
731 B of the pressurizing chamber forming unit 731 . This 
liquid supply duct 73 IE is separated by a hard member 
731 H as later explained from the nozzle inlet opening 
731 D. The liquid supply duct 731 E is formed so that a 
portion of the hard member 73 1H communicates with 
an end of the pressurizing chamber 73 1C. 

Similarly to the nozzle inlet opening 731 D and the 
liquid supply duct 731 E, the ink buffer tank 73 1F is 
formed for extending from the mid portion in the direc- 
tion of thickness of the pressurizing chamber forming 
unit 731 towards the opposite surface 731 B of the unit 
731. As shown in Fig.102, the ink buffer tank 731 F is a 
sole straight piping communicating with plural liquid 
supply ducts 731 E and has the function of delivering the 
ink to each liquid supply duct 731 E. 

The connection opening 731 G is formed for extend- 
ing from a mid portion in the direction of thickness of the 
pressurizing chamber forming unit 731 towards the sur- 
face 731 A of the pressurizing chamber forming unit 731 . 

The pressurizing chamber forming unit 731 is 
formed with a hard member 73 1H constituting the bot- 
tom surface of the pressurizing chamber 731 C, forming 
a portion of the opposite surface 731 B of the pressuriz- 
ing chamber forming unit 731, contacted with a surface 
of the nozzle inlet opening 731 D and a surface of the liq- 
uid supply duct 731 E and separating the nozzle inlet 
opening 731D from the liquid supply duct 731 E. The 
pressurizing chamber forming unit 731 is also formed 
with a first member 731 1 constituting the top surface of 
the liquid supply duct 731 E, forming a portion of the sur- 
JaceJ31AoLthe pressurizing chamber.forming unrt.731._ 
contacted with a surface of the pressurizing chamber 
731 C and a surface of the connection opening 731 G 
and separating the pressurizing chamber 731 C from the 
connection opening 73 1g. 

The pressurizing chamber forming unit 731 is also 
formed with a second member 731 J contacted with the 
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opposite surfaces of the first pressurizing chamber 
731 C and the nozzle inlet opening 731 D and forming 
portions of the surface 731 A and the opposite surface 
73 1 B of the pressurizing chamber forming unit 731 , and 
a third member 731K contacted with a surface of the ink 5 
buffer tank 731 F and the opposite surface of the con- 
nection opening 731 G and constituting portions of the 
surface 731 A and the opposite surface 731 B of the 
pressurizing chamber forming unit 731. The spacings 
delimited by the hard member 731 H and the first to third w 
members 7311, 731 J and 731 K is constituted as the 
pressurizing chamber 731 C, nozzle inlet opening 731 D, 
liquid supply duct 731 E, ink buffer tank 731 F and the 
connection opening 73 1G, respectively. 

On the opposite surface 731 B of the pressurizing 15 
chamber forming unit 731 is affixed, by thermal pres- 
sure bonding, an orifice plate 733 for overlying the noz- 
zle inlet opening 73 ID, liquid supply duct 731 E and the 
ink buffer tank 731 F. This orifice plate 733 is a resin 
member formed of Neoflex (trade name of a product 20 
manufactured by MITSUI TOATSU KAGAKU KOGVO 
KK) which is superior in thermal resistance and resist- 
ance against chemicals and which is approximately 50 
jim in thickness. 

This orifice plate 733 is formed with an emission ss 
nozzle 733A communicating with the nozzle inlet open- 
ing 731 D and which is designed to emit the ink supplied 
Irom the pressurizing chamber 73 1C via nozzle inlet 
opening 731 D. This nozzle inlet opening 733A has e.g., 
a columnar cross-section having a ore-set diameter for 30 
assuring chemical stability against ink. 

Referring to Fig. 102, the pressurizing chamber 
73 1 C is formed so that the width C2 at a portion thereof 
formed with the nozzle inlet opening 731 D smaller than 
the main width C1 of the pressurizing chamber 731 C 35 
and larger than the opening diameter A1 of the emission 
nozzle 733A towards the nozzle inlet opening 731 D. 
Specifically, with the min width C1 of the pressurizing 
chamber 731 C of 0.4 to 0.6 mm, the width C2 of the por- 
tion of the pressurizing chamber 731 C in the vicinity of 40 
the nozzle inlet opening 731 D is on the order of 0.2 mm 
which is approximately twice the plate thickness of the 
pressurizing chamber forming unit 731 . Meanwhile, the 
width C2 of the portion of the pressurizing chamber 
73 1 C formed with the nozzle inlet opening 73 1 D is pref • 45 
erably not more than 2.5 times the plate thickness of the 
pressurizing chamber forming unit 731 . 

The emission nozzle 733A is formed for communi- 
cating with the mid portion of the nozzle inlet opening 
731 D. The emission nozzle 733A is tapered along the so 
direction of ink emission. In the present embodiment 
the cross-sectional shape of the emission nozzle 733A 
at its opening end is circular with a diameter of approxi- 
mately 35 jim, while that towards the pressurizing 
chamber forming unit 731 is circular with a diameter of 55 
approximately 80 urn. Thus, the width C2 of the portion 
of the pressurizing chamber 731 C in the vicinity of the 
nozzle inlet opening 73 1D is smaller than the main 



width 01 of the pressurizing chamber 731 C, and larger 
than the opening diameter A1 of the emission nozzle 
733 A towards the nozzle inlet opening 731 0. 

The nozzle inlet opening 731 D is formed so that the 
width E1 of the nozzle inlet opening 731 D will be 
approximately equal to the width C2 of the portion of the 
pressurizing chamber 731c formed with the nozzle inlet 
opening 731 D. In the present embodiment, the width E1 
of the nozzle inlet opening 731 D is equal to the width C2 
of the portion of the pressurizing chamber 731C formed 
with the nozzle inlet opening 731 D, or 02. mm. 

Thus, the maximum separation between the inner 
peripheral wall of the emission nozzle 733A at one end 
of the nozzle inlet opening 731 D and the inner periph- 
eral waD of the nozzle inlet opening 731 D at one end of 
the emission nozzle 733A is selected to be 0.1 mm or 
less. 

On the surface 731 A of the pressurizing chamber 
forming unit 731 is affixed the vforation plate 732 for 
overlying the pressurizing chamber 731 C with an adhe- 
sive. 

In a portion of the vibration plate 732 in register with 
the connection opening 73 1G of the pressurizing cham- 
ber forming unit 731 is formed a through-hole 732B in 
which is mounted an ink supply duct 737 connected to 
an ink tank, not shown. Thus, the ink introduced from 
the ink tank is supplied via ink supply duct 737 and the 
ink buffer tank 731F to the liquid supply duct 73 1E and 
thence supplied to the pressurizing chamber 731 C. Z 

Similarly to the orifice plate 733, the vibration plate 
732 is formed of Neoflex (trade name of a product man- 
ufactured by MITSUI TOATSU KAGAKU KOGVO KK) 
which is superior in thermal resistance and resistance 
against chemicals .and which is approximately 20 urn in 
thickness. 

The portion of the surface 732A of the vibration 
plate 732 in register with the pressurizing chamber 
731 C is formed with plural protrusions 734 on each sur- 
face 734A of which is affixed a layered piezo unit 735 via 
adhesive, not shown. The surface 734A of the protru- 
sion 734 is set so as to be smaller than the surface 
735A of the layered piezo unit 735 affixed to the protru- 
sion 734 and the opening area of the pressurizing 
chamber 731 C. 

The layered piezo unit 735 is made up of piezoelec- 
tric members and electrically conductive members lay- 
ered alternately together. There is no limitation to the 
number of layers of the piezoelectric members and elec- 
trically conductive members such that an optional 
number of these members maybe used. 

If the driving voltage is applied across the layered 
piezo unit 735, as shown in Fig. 103 A, the latter is line- 
arly displaced in a direction opposite to the direction 
indicated by arrow M7 in Fig. 103 A for raising the vibra- 
tion plate 732 about the portion of the vibration plate 
affixed to the protrusion 734 for increasing the volume of 
the pressurizing chamber 731C. 

If the driving voltage is removed, as shown in 
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Fig.103B, the layered piezo unit 735 is linearly dis- 
placed in a direction indicated by arrow M7 in Fig.103B 
to thrust the protrusion 734 to warp the vibration plate 
732 to decrease the volume in the pressurizing cham- 
ber 731 to raise the pressure therein. Since the protru- 5 
sion 734 is sized to be smaller than the surface 735A of 
the layered piezo unit 735, displacement of the layered 
piezo unit 735 can be transmitted concentratedfy to the 
portion of the vferation plate 732 in register with the 
pressurizing chamber 731 C. to 

The operation of the Inkjet printer' head 71 5 is now 
explained. 

If a pre-set driving voltage is applied across the lay- 
ered piezo unit 735. the latter is displaced in a direction 
opposite to that shown by arrow M7 in Fig. 1 03 A. Since 1$ 
the portion of the vibration plate 732 in register with the 
pressurizing chamber 73 1C is raised in a direction indi- 
cated by arrow A in Fig. 103 A, the pressure in the pres- 
surizing chamber 731 C is raised. Although the 
meniscus at the distal end of the emission nozzle 733A 20 
is momentarily receded towards the pressurizing cham- 
ber 731 C, it is stabilized in the vicinity of the distal end 
of the emission nozzle 733 A, once the displacement of 
the layered piezo unit 535 subsides, by equilibrium with 
the surface tension, in reacfiness for ink emission. 2s 

During ink emission, the driving voltage impressed 
across the layered piezo unit 735 is annulled, as a result 
of which the layered piezo unit 535 is displaced in the 
direction of arrow M7 in Fig.103B and hence the vibra- 
tion plate 732 is displaced in a direction indicated by 3c 
arrow M7 in Fig.103B. This decreases the volume in the 
pressurizing chamber 731C for raising the pressure in 
the pressurizing chamber 731 C to emit ink via emission 
nozzle 733 A. It is noted that time changes of the driving 
voltage impressed across the layered piezo unit 735 are 35 
set so as to emit a targeted amount of ink via emission 
nozzle 733A. 

In the printer device of the present embodiment the 
pressurizing chamber 731 C of the 'ink jet printer* head 
715 is shaped as shown for example in Figs. 102 and 40 
104 so that no air bubbles will be left in the pressurizing 
chamber 731 C even during ink charging. Specifically, 
the pressurizing chamber 73 1C is shaped so that the 
width C2 of the portion thereof formed with the nozzle 
inlet opening 731 D will be smaller than the main width 4s 
C1 of the pressurizing chamber 731 C and so that the 
width will be progressively decreased towards the noz- 
zle inlet opening 731 D. 

With the Ink jet printer* head 715, in which the pres- 
surizing chamber 731C is shaped as described above, so 
it becomes possible to leave no air bubbles in the pres- 
surizing chamber 731 C even if the ink is charged into 
the pressurizing chamber 731 C wherrthe^air has"been 
charged into the pressurizing chamber 731C, that is 
when the air is present on the wall surface of the ink ss 
pressurizing chamber 73 1C. 

The operation when the ink tank is fitted on the Ink 
jet printer' head 715, that is the operation during ink 



charging, is explained by referring to Fig. 104. First, the 
ink is charged into the liquid supply duct 731E commu- 
nicating with an end of the pressurizing chamber 731 C, 
and the ink starts to be charged into the pressurizing 
chamber 731C via liquid supply duct 731 E. as shown in 
Fig. 104 A. The ink charged into the pressurizing cham- 
ber 731 C advances more rapidly in the vicinity of the 
wall surface of the pressurizing chamber 731 C than in 
the vicinity of the centerline thereof. If the surface ten- 
sion of the ink is lower than that of the material of the 
wall surface of the pressurizing chamber 731 C, that is in 
the wetted state, the ink preferentially advances along 
the wall surface due to the capillary phenomenon 
proper to the liquid material. 

The ink approaches the vicinity of the nozzle inlet 
opening 731 D formed on the opposite side of the pres- 
surizing chamber 73 1C as the ink advances preferen- 
tially along the wall surface, as shown in Fig.104C. 
Since the pressurizing chamber 731C is narrower in 
width, that is since the separation between the wall sur- 
faces becomes narrower, in the vicinity of the nozzle 
inlet opening 73 ID, which is a through-hole, the cfistal 
ends of the ink advancing preferentially along the wall 
surface of the pressurizing chamber 731 C, become nar- 
rower in separation. 

The distal ends of the advancing ink are contacted 
at the portion of the pressurizing chamber 731 C formed 
with the nozzle inlet opening 731 D, as shown in 
Fig.l04D. The air bubble left atthis time are not affixed 
to the wall surface but are present in a mid portion of the 
nozzle inlet opening 731 D. 

The ink is charged up to the cfistal end of the emis- 
sion nozzle 733A, under the capillary phenomenon, 
thus forming a meniscus in the vicinity of the distal end 
of the emission nozzle 733 A. 

Thus, in the present embodiment of the printer 
device, since the width of the portion of the pressurizing 
chamber 731 C formed with the nozzle inlet opening 
731 D is narrower than that of the other portion of the 
pressurizing chamber 731 C. there is no risk of air bub- 
bles permanently left in the vicinity of the wall surface of 
the nozzle inlet opening 731 D and the pressurizing 
chamber 731 C. Also. In the present printer device, in 
which the width of the pressurizing chamber 731C is 
adapted for being gradually decreased towards the noz- 
zle inlet opening 731 D in the vicinity of the nozzle inlet 
opening 731 D such that the separation between wall 
surfaces of the pressurizing chamber 731 C will be pro- 
gressively narrower towards the nozzle inlet opening 
731 D, air bubbles can be prevented more reliably from 
being left in the vicinity of the wall surface of the pressu- 
rizing chamber 731 C. 

Any ar Sibbles present near the center of the pres- 
surizing chamber 731 C and the nozzle inlet opening 
731 D can be easily expelled to outside via emission 
nozzle 733A by usual maintenance operations, such as 
suction via opening of the emission nozzle 733 A or 
dummy vibrations imparted the vibration plate 732. 
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The manufacturing method of the Ink jet printer' 
head 715 is explained by referring to Figs. 105 to 107. 
Referring to Rg.105A, a resist such as a photosensitive 
dry film or a liquid resist material, is coated on a surface 
738A of a plate 738 of metal, such as stainless steel, 5 
having a thickness of approximately 0.1 mm. Then, pat- 
tern light exposure is carried out using a mask corre- 
sponcfing to the pressurizing chamber 731c or the 
connection opening 7310, at the same time as a resist 
such as a photosensitive dry film or a liquid resist mate- 10 
rial, is coated on the other surface 738B of the plate 
738. Then, pattern light exposure is carried out using a 
mask corresponding to the nozzle inlet opening 731 D, 
liquid supply duct 731 E and the ink buffer tank 731 F, for 
forming resists 739, 740. 15 

Then, using a resist 739 having a pattern corre- 
sponding to the pressurizing chamber 731C and the 
connection opening 73 1G and a resist 740 having a pat- 
tern corresponding to the nozzle inlet opening 731 D, liq- 
uid supply duct 731 Eabd the ink buffer tank 731F, as a 20 
mask, the plate 738 is etched for a pre-set time in an 
etching solution composed of, for example, an aqueous 
solution of ferrous chloride, for forming the pressurizing 
chamber 731 C and the connection opening 731G on 
the surface 738A of the plate 738, while forming the 2s 
nozzle inlet opening 731 D, liquid supply duct 73 IE and 
the ink buffer tank 73F on the opposite surface 738B of 
the plate 738. This gives the above-described pressu- 
rizing chamber forming unit 731. 

The etching quantity is selected so that the etching 30 
amount from the sole side 738A and the opposite side 
738B of the plate 738 will be approximately slightly 
larger than one-half the thickness of the plate 582. 
Since the plate material 738 is selected to be 0. 1 mm in 
thickness, the etching amount from one surface of the 35 
plate material is selected to be approximately 0.55mm. 
By setting the etching quantity to this value, it becomes 
possible to improve the pressurizing chamber 731 C, 
connection opening 731 G, nozzle inlet opening 731 D, 
liquid supply duct 73 1 E and the ink buffer tank 73 1 F can 40 
be improved in dimensional accuracy and formed in sta- 
bility. 

Since the etching amount from the surface 738A of 
the plate 738 is equal to that from its other surface 
738B, the etching condition for forming the pressurizing 45 
chamber 73 1C and the connection opening 731 G in the 
surface 738A of the plate 738 can be set so as to be 
substantially equal to that for forming the nozzle inlet 
opening 731 D, liquid supply duct 731 E and the ink 
buffer tank 731 F in the opposite surface 738B of the so 
plate 738 thus enabling this etching process to be com- 
pleted easily and in a shorter time. 

It should be noted that the width of the nozzle inlet 
opening 731 D is selected to be larger than the diameter 
of the emission nozzle 733A to an extent that pressure ss 
rise in the pressurizing chamber 731 C is not affected by 
the pressure impressed on the pressurizing chamber 
731C. The width of the nozzle inlet opening 731 D also 



is selected to be approximately equal to the width of the 
portion of the pressurizing chamber 731C formed with 
the nozzle inlet opening 731 D and smaller than the 
main width of the pressurizing chamber 731 C. The 
width of the nozzle inlet opening 731 D is preferably less 
than 2.5 times the plate thickness. Also, from the view- 
point of the manufacturing process, the width of the noz- 
zle inlet opening 731 D is preferably not less than the 
plate thickness because the width approximately equal 
to the plate thickness leads to shape errors in the 
course of the manufacturing process. In the instant 
embodiment the width of the nozzle inlet opening 731 D 
is approximately equal to 0.2 mm, that is approximately 
twice the plate thickness. 

The resists 739, 740 are then removed, as shown in 
Rg.105C. If a dry film resist is used as the resist 739 or 
740, an aqueous solution of sodium hydroxide with the 
concentration of sodium hydroxide of not more than 5% 
is used as a removing agent whereas, if a liquid resist 
material is used as the resist 739 or 740, a dedicated 
alkaline solution is used as a removing agent. After 
removing the resists 739, 740, a resin material 741 of 
Neoflex (trade name of a product manufactured by MIT- 
SUI TOATSU KAGAKU KOGYO KK) having a thickness 
of approximately 50 11m and a glass transition tempera- 
ture of not higher than 250°C is affixed by thermal pres- 
sure bonding to the opposite surface 731 B of the 
pressurizing chamber forming unit 731. This thermal 
pressure bonding is by applying a pressure of the order 
of 20 to 30 kgf/cm2 at a press-working temperature of 
approximately 230°C. By setting this thermal pressure 
bonding, bonding strength between the pressurizing 
chamber forming unit 731 and the resin material 741 
can be improved, while the two can be bonded together 
more efficiently. 

Since the resin material 741 is not formed with the 
emission nozzle 733 A, the process of bonding the resin 
material 741 to the pressurizing chamber forming unit 
731 is simplified to an extent that high precision is not 
required of the bonding process. Moreover, since the 
resin material 741 is bonded to the pressurizing cham- 
ber forming unit 731 without using an adhesive, there is 
no risk of the adhesive stopping up the liquid supply 
duct 731 E. 

Then, as shown in Fig.105D, a liquid repellent film 
742 s formed on the surface of the resin material 741 
facing the pressurizing chamber forming unit 731. As 
the liquid repellent film 742, such a film is preferred 
which repels the ink, does not allow the ink to be depos- 
ited in the vicinity of the ink emission opening and 
which, in case of forming the emission nozzle 733 A in 
the vicinity of the ink emission opening 733A, does not 
generate burrs or cause film peeling. For example, fluo- 
rine-based material dispersed in the pdyimide material, 
such as modified FEP material 958-207, a product man- 
ufactured by DU PONT, a pdyimide material having 
hygroscopicity not higher than 0.4%, such as polyimkJe- 
based overcoat ink; Upicoat FS-100L or FP- 100 (trade 
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names of products manufactured by UBE KOSAN KK) 
or liquid-repellent potybenzo imidazole (for example, 
coated type polybenzo imidazole material NPBI, a trade 
name of a product manufactured by Hoechst). 

Then, as shown in Hg.105E, exdmer laser is radi- s 
ated perpendicularly to the resin material 741 from the 
surface 731 A of the pressurizing chamber forming unit 
731 via pressurizing chamber 731 C and the nozzle inlet 
opening 731 D for forming the emission nozzle 733 A in 
the resin material 741 and in the liquid-repellent film w 
742. This gives the above-mentioned orifice plate 733. 
Since the resin material 741 is used as the material for 
the orifice plate 733, such that the orifice plate 733 is a 
resin member, the emission nozzle 733A can be manu- 
factured easily. Moreover, since the liquid-repellent film is 
742 xs formed of a material selected to be high in work- 
ability with excimer laser, the emission nozzle 733A can 
be formed easily In addition, since the nozzle inlet 
opening 731 D is larger in diameter than the emission 
nozzle 733 A, registration accuracy between the resin 20 
material 741 and the pressurizing chamber forming unit 
731 during laser working need not be high. Also, there 
is no risk of the laser being shielded by the pressurizing 
chamber forming unit 731 during laser working. 

Then, as shown in Fig.106A, the vibration plate 732 25 
of. for example, Neoflex (trade name of a product man- 
ufactured by MITSUI TOATSU KAGAKU KOGYO KK) 
having a thickness of approximately 20 fim and a glass 
transition temperature of not higher than 250°C. and 
having the protrusion 734 formed on its major surface, is 30 
affixed to the surface 731 A of the pressurizing chamber 
forming unit 731 by thermal pressure bonding. This 
thermal pressure bonding is by applying a pressure of 
the order of 20 to 30 kgf/cm2 at a press-working temper- 
ature of approximately 230°C. By setting this thermal 35 
pressure bonding, bonding strength between the pres- 
surizing chamber forming unit 731 and the vibration 
plate 732 can be improved, while the two can be bonded 
together more efficiently. The protrusion 734 can be 
formed by forming a metal foil, such as a Cu or Ni foil, on 40 
a Neoflex fflm which later proves to be the vibration 
plate 732, to a plate thickness of the order of 1 0 ^m, and 
by carrying out the process similar to the process of 
forming a well-known printed board. 

An example of the metal foil, such as a Cu or Ni foil, 45 
formed on the Neoflex film which later proves to be the 
vibration plate 732, is a material obtained on forming a 
Cu film approximately 20 urn thick formed on a Neoflex 
film approximately 20 nm thick and with a glass transi- 
tion temperature of not higher than 250°C, such as a so 
metal wrapping film manufactured by MITSUI TOATSU 
KAGAKU KOGYO KK. 

This metal-wrapping film has an organic material 

portion which proves to be the vibration plate 732 and 
which is of a laminated structure of a layered product ss 
732a with a Cu material. The layered product 732a is 
made up of a first layer 732E of Neoflex having a glass 
transition temperature of not higher than 250°C and 



exhibiting boncfing properties in a temperature range of 
from 220°C to 230°C. a third layer 732C of Neoflex hav- 
ing a glass transition temperature of not higher than 
300°C and exhibiting bonding properties in a tempera- 
ture range of from 270°C to 280°C and a second layer 
732D of a polyimide material having a glass transition 
temperature of not lower than 300°C and not exhibiting 
bonding properties at a temperature not higher than 
300°C. Thus, since an adhesive softened at a lower 
temperature is not used in this metal wrapping film, the 
protrusion 734 can be formed on the vforation plate 732 
as a heat-resistant structure. 

In the Ink jet printer' head 715 of the present 
embodiment of the printer device, since the liquid sup- 
ply duct 731E is not opened on the surface 731 A of the 
pressurizing chamber forming unit 731, ftere ts no 
impending necessity of using the above-mentioned 
thermoplastic adhesive as an adhesive for the vibration 
plate 732. That is, the vfcration plate 732 may be 
bonded to the surface 731 A of the pressurizing cham- 
ber forming unit 731 using an adhesive cured at a lower 
temperature, such as an epoxy-based adhesive. 

Then, as shown in Rg.106B, the layered piezo unit 
735 is bonded to the protrusion 735, using, for example, 
an epoxy-based adhesive, and subsequently an ink 
supply duct 737 is bonded to the surface 732A of the 
vibration plate 732 in register with the through-hole 
732B. This gives the Ink jet printer* head 715. 

In the 'ink jet printer* head 715, since the width of 
the ink inlet opening forming portion of the pressurizing 
chamber 731 C of the Ink jet printer' head 715 is 
selected to be smaller than the width of an optional 
other portion, it becomes possible to eliminate air bub- 
bles in the vicinity of the wall surface of the pressurizing 
chamber 731 C or the nozzle inlet opening 731 D. 

Even supposing that air bubbles exist in the pressu- 
rizing chamber 731 C during ink tank exchange, since 
the probability of the air bubbles present permanently 
on the wall surface of the pressurizing chamber 731 C is 
extremely low, these air bubbles can be easily expelled 
out of the emission nozzle 733A by usual maintenance 
operations, such as suction from the opening surface of 
the emission nozzle 733A or dummy vibrations 
imparted to the vibration plate 732. 

Thus, the printer device of the present embodiment 
can perform the printing operation more reliably. 

(2) Second Embodiment 

The present embodiment is an example in which 
the present invention is applied to a 'carrier jet printer' 
device adapted for mixing a pre-set constant amount of 
the ink to a di!utio~n _ s»lutibh~and for emittir^ th^Te^lting - 
mixture, that is an example corresponding to the twelfth 
subject-matter of the invention. 
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(2-1) Structure of the 'carrier jet printer* Device 

Since the overall structure of the present embodi- 
ment of the 'carrier jet printer* head is similar to the sec- 
ond embooSmertt of the corresponding to the first and s 
second subject-matter of the invention, description 
therefor is omitted for simplicity. That is, in the 'carrier jet 
printer 4 device of the present embodiment, a controller 
similar to that described above is used and hence the 
corresponding description is also omitted. Also, in the io 
present embodiment of the 'carrier jet printer* device, 
the above-descrfced driver operation takes place such 
that the driving voltage impression timing as explained 
previously occurs. Therefore, the corresponding 
description is similarly omitted for simplicity. 75 

(2-2) Structure of the 'Carrier Jet Printer* Device 

The structure of a 'carrier jet printer 4 head 855 of the 
instant embodiment of the 'carrier jet printer' device is 20 
now explained. That is, in the instant embodiment 
shown in Fig. 108, the 'carrier jet printer' head 855 has a 
vibration plate 872 bonded to a surface 871 A of a plate- 
shaped pressurizing chamber forming unit 871 . In addi- 
tion, the 'carrier jet printer* head 855 has an orifice plate 25 
873 as a plate-shaped resin member bonded to the 
opposite surface 871 B of the pressurizing chamber 
forming unit 871 . In the 'carrier jet printer' head 855, a 
second layered piezo unit 876 and a first layered piezo 
unit 877 are connected via protrusions 874, 875 to a 30 
surface 872A of the vibration plate 872. In an opening 
area of a quantitation nozzle 873A as later explained 
and an emission nozzle 873 B of the orifice plate 873 is 
formed a liquid-repellent fOm 867. 

The pressurizing chamber forming unit 871 is con- 35 
stituted by a metal plate, such as a stainless steel plate, 
having a thickness of approximately 0.1 mm. This pres- 
surizing chamber forming unit 871 is formed with a first 
pressurizing chamber 871 H for applying a pre-set pres- 
sure to the dilution solution to be charged and a first liq- 40 
uid supply duct 871J communicating with an end of this 
first pressurizing chamber 871 H and operating as a 
passage for supplying the dilution solution to the first 
pressurizing chamber 871 H. The pressurizing chamber 
forming unit is also formed with a first nozzle inlet open- 45 
ing 871 1 formed at the opposite end of the first pressu- 
rizing chamber 871 H for guiding the dilution solution 
charged into the first pressurizing chamber 871 H to the 
emission nozzle 873B and a dilution solution buffer tank 
871 H from which to deliver the dilution solution to the so 
first liquid supply duct 871J. The pressurizing chamber 
forming unit is additionally formed with a first connection 
opening 871 L for guiding the dilution solution supplied 
from a dilution solution supply duct 881 into the dilution 
solution buffer tank 871 K. 55 

In addition, this pressurizing chamber forming unit 
871 is formed with a second pressurizing chamber 
871 C for applying a pre-set pressure to the ink being 



charged and a second liquid supply duct 871 E commu- 
nicating with an end of the second pressurizing cham- 
ber 871 C and operating as a passage for supplying the 
ink to the second pressurizing chamber 871 C. The 
pressurizing chamber forming unit 871 is also formed 
with a second nozzle inlet opening 871 D formed at the 
opposite end of the second pressurizing chamber 871 C 
and operating as a thorough-hole for guiding the ink 
charged into the second pressurizing chamber 871 C to 
the quantitation nozzle 873A and an ink buffer tank 
871 F from which to supply the ink to the second liquid 
supply duct 871 E. The pressurizing chamber forming 
unit is additionally formed with a second connection 
opening 871 G for guiding the ink supplied from the ink 
supply duct 879 into the ink buffer tank 871 F. 

The first pressurizing chamber 871 H is formed for 
extending from the vicinity of the mid portion in the 
direction of thickness of the pressurizing chamber form- 
ing unit 871 towards the surface 871 A of the pressuriz- 
ing chamber forming unit 871. The first nozzle inlet 
opening 8711 is formed on the opposite end of the first 
pressurizing chamber 871 H and extends from the mid 
portion in the direction of thickness of the pressurizing 
chamber forming unit 871 to the opposite surface 871 B 
of the pressurizing chamber forming unit 871 . 

Similarly to the first nozzle inlet opening 871 1, the 
first liquid supply duct 871J is formed from a mid portion 
in the direction of thickness of the pressurizing chamber 
forming unit 871 to the opposite surface 871 B of the 
pressurizing chamber forming unit 871 . This first liquid 
supply duct 871 J is separated by a hard member 871 P 
as later explained from the first nozzle inlet opening 
871 1. The first liquid supply duct 871J is formed so that 
part of the hard member 871 P communicates with an 
end of the first pressurizing chamber 871 H. 

Similarly to the first nozzle inlet opening 871 1 and 
the first liquid supply duct 871J, the dilution solution 
buffer tank 871 K is formed for extending from a mid por- 
tion in the direction of thickness of the pressurizing 
chamber forming unit 871 towards its opposite surface 
871 B. Similarly to the ink buffer tank 871 F, the dilution 
solution buffer tank 871 K is a straight sole duct commu- 
nicating with plural first liquid supply ducts 871J, as 
shown in Fig. 109, and has the function of delivering the 
ink to each first liquid supply duct 871 J. 

The first connection opening 871 L is formed for 
extending from a mid portion in the direction of thick- 
ness of the pressurizing chamber forming unit 871 for 
communicating with the dilution solution buffer tank 
871 K. 

The pressurizing chamber forming unit 871 is 
formed with the hard member 871 P making up the bot- 
tom of the first pressurizing chamber 871 H and a por- 
tion of the opposite surface 871 B thereof, contacted 
with a lateral surface of the first nozzle inlet opening 
871 1 and a lateral surface of the first liquid supply duct 
871 J and separating the first nozzle inlet opening 8711 
from the first liquid supply duct 871 J. The pressurizing 
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chamber forming unit 871 is also formed with a first 
member 871q making up the top of the first liquid supply 
duct 871J and a portion of the surface 871J thereof, 
contacted with a lateral surface of the first pressurizing 
chamber 871 H and a lateral surface of the first connec- s 
tion opening 871 L and separating the first pressurizing 
chamber 871 H from the first connection opening 871 U 
and a second member 871 R contacted with a lateral 
surface of the dilution solution buffer tank 871 K and the 
opposite lateral surface of the first connection opening 10 
871 B and forming portions of the surface 871 A and the 
opposite surface 871 B of the pressurizing chamber 
forming unit 871. 

The pressurizing chamber forming unit 871 is addi- 
tionally formed with a fifth member 871 S surrounded by is 
the opposite lateral surface of the second pressurizing 
chamber 871 C, the opposite lateral surface of the noz- 
zle inlet opening 871 J, the opposite lateral surface of 
the first pressurizing chamber 871 H and by the opposite 
lateral surface of the first nozzle irdet opening 871 1 for 20 
constituting portions of the lateral surface 871 A and the 
opposite lateral surface of the pressurizing chamber 
forming unit 871. 

The spacings defined by the hard member 871 P 
and the first, second and fifth members 871 Q, 871 Q 25 
and 871 S are constituted as the first pressurizing cham- 
ber 871 H, second nozzle inlet opening 871 1, first liquid 
supply duct 8711, first liquid supply duct 871J, dilution 
solution buffer tank 871 K and the first connection open- 
ing 871 L, respectively. 30 

The second pressurizing chamber 871 C is formed 
for extending from a mid portion in the direction of thick- 
ness of the pressurizing chamber forming unit 871 
towards the lateral surface 871 A of the pressurizing 
chamber forming unit 871. The second nozzle inlet 3S 
opening 871 D is formed on the opposite side of the 
pressurizing chamber forming unit 871 for extending 
from a mid portion in the direction of thickness of the 
pressurizing chamber forming unit 871 towards the 
opposite lateral surface 871 B of the pressurizing cham- 40 
ber forming unit 871 . 

Similarly to the second nozzle inlet opening 871 D, 
the second liquid supply duct 871 E is formed for extend- 
ing from a mid portion in the direction of thickness of the 
pressurizing chamber forming unit 871 towards the lat- 45 
eral surface 871 A of the pressurizing chamber forming 
unit 871 . This second liquid supply duct 871 E is sepa- 
rated by the hard member 871 M form the second nozzle 
inlet opening 871 D. The second liquid supply duct 871 E 
is configured so that a portion of the hard member 871 M so 
communicates with an end of the second pressurizing 

_chamberj87lC. - 

Similarly to the second nozzle inlet opening 871 D and 
the second liquid supply duct 871 E, the ink buffer tank 
871 F is formed for extending from a mid portion in the ss 
direction of thickness of the pressurizing chamber form- 
ing unit 871 towards the opposite surface 871 B thereof. 
As shown in Fig. 109, the ink buffer tank 871 F is a sole 



straight duct communicating with plural second liquid 
supply ducts 871 E and has the function of ink delivery to 
each of the second liquid supply ducts 871 E. 

The second connection opening 871 G is formed for 
extending from a mid portion in the direction of thick- 
ness of the pressurizing chamber forming unit 871 
towards the lateral surface 871 A of the pressurizing 
chamber forming unit 871 . 

The pressurizing chamber forming unit 871 is 
formed with a hard member 871 M making ip the bottom 
of the second pressurizing chamber 871 C and a portion 
of the opposite surface 871 B of the pressurizing cham- 
ber forming unit 871, contacted with the lateral surface 
of the second nozzle inlet opening 871 D and the lateral 
surface of the second liquid supply duct 871 E and sep- 
arating the second nozzle inlet opening 871 D from the 
second liquid supply duct 871 E. The pressurizing 
chamber forming unit 871 is also formed with a third 
member 871 N making up the top of the second liquid 
supply duct 871 E and a portion of the upper surface 
871 A of the pressurizing chamber forming unit 871, 
contacted with the lateral surface of the second pressu- 
rizing chamber 871 C and the lateral surface of the sec- 
ond connection opening 871 G and separating the 
second pressurizing chamber 871 C from the second 
connection opening 871 CL The pressurizing chamber 
forming unit 871 is additionally formed with a fourth 
member 87 10 contacted with the lateral surface of the 
ink buffer tank 871 F and the opposite lateral surface of 
the second connection opening 87 1G and forming por- 
tions of the lateral surface 871 A and the opposite lateral 
surface 871 B of the pressurizing chamber forming unit 
871. Hie spacings defined by the hard member 871M, 
third and fourth members 871 N and 871 0, and the 
above-mentioned fifth member 871 S. are constituted as 
the second pressurizing chamber 871 C, second nozzle 
inlet opening 871 D, second liquid supply duct 871 E. ink 
buffer tank 871 F and the second connection opening 
871 G, respectively. 

To the opposite surface 871 B of the pressurizing 
chamber forming unit 871 is affixed the orifice plate 873 
by thermal pressure bonding for overlying the second 
nozzle inlet opening 871 D, second liquid supply duct 
871 E, ink buffer tank 871 F, first nozzle inlet opening 
871 1, first liquid supply duct 871 J and the dilution solu- 
tion buffer tank 871 K. This orifice plate 873 is formed of, 
for example, Neoflex (trade name of a product manufac- 
tured by MITSUI TOATSU KAGAKU KOGYO KK) having 
a thickness of approximately 50 \im and a glass transi- 
tion temperature of not higher than 250°C. 

This orifice plate 873 includes a quantitation nozzle 
_873 A of a pre-set diameter which is formed obliquely_for _ 
facing an emission nozzle 873B as later explained. The 
quantitation nozzle 873A communicates with the sec- 
ond nozzle inlet opening 871 D for emitting the ink sup- 
plied from the second pressurizing chamber 871 C via 
second nozzle inlet opening 871 D. The orifice plate 873 
also includes the emission nozzle 873B having a cross- 
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sectional shape of a column of a pre-set diameter. The 
emission nozzle 873B communicates with the first noz- 
zle inlet opening 8711 for emitting the ink supplied from 
the first pressurizing chamber 871 H via first nozzle inlet 
opening 871 1. By forming the orifice plate 873 with the 5 
quantitation nozzle 873Aand the emission nozzle 873B 
in this manner, chemical stability against the ink and this 
dilution solution is assured. 

Referring to Fig. 109, the above-mentioned second 
pressurizing chamber 871 C is configured so that the 10 
width C4 of the portion thereof formed with the second 
nozzle inlet opening 871 D is smaller than the main 
width C3 of the second pressurizing chamber 871 C and 
larger than the opening cfiameter A2 of the second noz- 
zle inlet opening 871 D of the quantitation nozzle 873A. is 
Specifically, with the main width C3 of the second pres- 
surizing chamber 871 C of 0.4 to 0.6 mm, the width C4 
of the portion of the second pressurizing chamber 871 C 
formed with the second nozzle inlet opening 871 D is of 
the order of 0.2 mm which is twice the plate thickness of 20 
the pressurizing chamber forming unit 871 . 

Also, the above-mentioned first pressurizing cham- 
ber 871 H is configured so that the width H2 of the por- 
tion thereof formed with the first nozzle inlet opening 
8711 is smaller than the main width C3 of the second 25 
pressurizing chamber 871 C and larger than the opening 
diameter B1 of the first nozzle inlet opening 871 1 of the 
emission nozzle 873B. Specifically, with the main width 
HI of the first pressurizing chamber 871 H of 0.4 to 0.6 
mm, the width H2 of the portion of the first pressurizing 30 
chamber 871 H formed with the first nozzle inlet opening 
8711 is of the order of 0.2 mm which is twice the plate 
thickness of the pressurizing chamber forming unit 871 . 

It should be noted that the width C4 of the portion of 
the second pressurizing chamber 871 C formed with the as 
second nozzle inlet opening 871 D and the width H2 of 
the portion of the first pressurizing chamber 871 H 
formed with the first nozzle inlet opening 871 1 of the first 
pressurizing chamber 871 H are preferably not larger 
than the 2.5 times the plate thickness of the pressuriz- 40 
ing chamber forming unit 871 . 

In the present embodiment, the emission nozzle 
873B is formed for communicating with the mid portion 
of the first nozzle inlet opening 8711. Similarly to the 
emission nozzle 733A in the first embodiment, the emis- 45 
sion nozzle 873B is tapered in the dilution solution emit- 
ting direction. The emission nozzle 873b has a cross- 
sectional shape in the opening portion of the emission 
nozzle 873B of a circle having the diameter approxi- 
mately equal to 35 jim, while having a cross-sectional so 
shape towards the pressurizing chamber forming unit 
871 of a circle having the diameter approximately equal 
to 80 (im. Thus, the width H2 of the portion of the first 
pressurizing chamber 871 H formed with the first nozzle 
inlet opening 871 1 is smaller than the main width H1 of ss 
the first pressurizing chamber 871 H and larger than the 
opening diameter B1 of the first nozzle inlet opening 
871 1 of the emission nozzle 873B. 



Also, the first nozzle inlet opening 871 1 is formed so 
that the width J1 of the first nozzle inlet opening 871 1 will 
be approximately to the width H2 of the portion of the 
first pressurizing chamber 871 H formed with the first 
nozzle inlet opening 8711. In the present embodiment, 
the width J1, similarly to the width H2 of the portion of 
the first pressurizing chamber 871 H formed with the first 
nozzle inlet opening 871 1, is set to approximately 0.2 
mm. Thus, the maximum separation between the inner 
peripheral wall of the emission nozzle 873B at an end 
towards the first nozzle inlet opening 871 1 and the inner 
peripheral wall of the first nozzle inlet opening 871 1 at an 
end towards the emission nozzle 873B is not larger than 
0.1 mm. 

Also, the quantitation nozzle 873 A, formed 
obliquely, has an elliptical cross-section. In the present 
embodiment the quantitation nozzle 873A has an ellip- 
tical cross-sectional shape towards the pressurizing 
chamber forming unit 871, with the diameter along its 
short axis bang approximately 80 jim. Thus, the width 
C4 of the portion of the second pressurizing chamber 
871 C formed with the second nozzle inlet opening 871 D 
is smaller than the main width C3 of the second pressu- 
rizing chamber 87 1C, while being larger than the open- 
ing diameter A2 of the second nozzle inlet opening 
871 D of the quantitation nozzle 873A. 

The second nozzle inlet opening 871 D is formed so 
that the width E2 of the second nozzle inlet opening 
871 D will be approximately equal to the width C4 of the 
portion of the second pressurizing chamber 871C 
formed with the second nozzle inlet opening 871 D. In 
the present embodiment the width E2 of the second 
nozzle inlet opening 871 D, similarly to the width C4 of 
the portion of the second pressurizing chamber 871 C 
formed with the second nozzle inlet opening 871 D, is 
approximately equal to 0.2 mm. Thus, the maximum 
separation between the inner peripheral wall of the 
quantization nozzle 873A at an end towards the second 
nozzle inlet opening 871 D and the inner peripheral wall 
of the second nozzle inlet opening 871 D at an end 
towards the quantitation nozzle 873A is not larger than 
0.1 mm. 

On the surface 871 A of the pressurizing chamber 
forming unit 871 is affixed the vibration plate 872, with 
an adhesive, for covering the second pressurizing 
chamber 871 C and the first pressurizing chamber 
871 H. 

The vibration plate 872 is formed with a second 
through-hole 872B and with a first through-hole 872C in 
register with the second connection opening 87TG and 
a first connection opening 871 L of the pressurizing 
chamber forming unit 871, respectively. In these first 
and second through-holes 872C, 872B are fitted a dilu- 
tion solution supply duct 881 and an ink supply duct 879 
connected to a dilution solution supply tank and an ink 
tank, not shown, respectively. Thus, the ink supplied 
from the ink tank is supplied via ink supply duct 879 and 
ink buffer tank 871 F to the second liquid supply duct 
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871 E and thence charged into the second liquid supply 
duct 871 E via second liquid supply duct 871 E. On the 
other hand, the <£lution solution supplied from the dilu- 
tion solution tank is supplied via dilution solution supply 
duct 881 and dilution solution buffer tank 871 K to the 5 
first liquid supply duct 871J and thence charged into the 
first pressurizing chamber 871 H via first liquid supply 
duct 871J. 

Similarly to the orifice plate 873, the vfcration plate 
872 is formed of Neoflex (trade name of a product man- 10 
ufactured by MITSUI TOATSU KAQAKU KOGYO KK) 
superior in thermal resistance and resistance against 
chemicals, and has a thickness of approximately 20 nm 
and a glass transition temperature of not higher than 
250°C. On the portions of the surface 872A of the vibra- is 
tion plate 872 in register with the second pressurizing 
chamber 871 Card the first pressurizing chamber 871 H 
are formed plate-shaped protrusions 874, 875, respec- 
tively. On a surface 874A of the protrusion 874 is affixed 
a second layered piezo unit 876 by an adhesive, not 20 
shewn, whereas, on the surface 875A of the protrusion 
875 is affixed a first layered piezo unit 877 by an acfie- 
sive, not shown. The surface 874A of the protrusion 874 
and the surface 875A of the protrusion are sized so as 
to be smaller than surfaces 876a, 877a of the second 2s 
and first layered piezo units 876, 877 affixed to the pro- 
trusions 874, 875, respectively, or the opening areas of 
the second pressurizing chamber 871 C or the first pres- 
surizing chamber 871 H, respectively. 

The second layered piezo unit 876 is made up of 30 
piezoelectric members and electrically conductive 
members, layered alternately together. There is no limi- 
tation to the numbers of the layered piezoelectric mem- 
bers and electrically conductive members such that 
these numbers may be selected arbitrarily. 35 

If, as shown in Fig.1 10A. a driving voltage is applied 
across the second layered piezo unit 876, it is displaced 
in a direction opposite to that shown by arrow M8 in 
Fig. 1 1 0A for raising the vibration plate 872 about its por- 
tion formed with the first protrusion 874 as center for 40 
increasing the pressure in the second pressurizing 
chamber 871 C. 

If, as shown in Fig. 11 OB, the driving voltage is 
annulled, the layered piezo unit 177 is lineally displaced 
in a direction shown by arrow M8 in Fig.1 1 0B for thrust- 45 
ing the first protrusion 874 for warping the vibration 
plate 872 about its portion affixed to the first protrusion 
874 for increasing the volume of the second pressuriz- 
ing chamber 871C for thereby increasing the pressure 
in the second pressurizing chamber 871 C. Since the so 
first protrusion 874 is sized to be smaller than the sur- 
face 876A of the layered piezo unit 876, displacement of 

the second layered piezo unit 876 can be transmitted in 
a concentrated manner to a position of the vibration 
plate 872 in register with the second pressurizing cham- ss 
ber 871C. 

Similarly to the second layered piezo unit 876. the 
first layered piezo unit 877 is made up of piezoelectric 



members and electrically conductive members, layered 
alternately together. There is no limitation to the num- 
bers of the layered piezoelectric members and electri- 
cally conductive members such that these numbers 
may be selected arbitrarily. 

ff, as shown in Ftg.1 10 A, a driving voltage is applied 
across the first layered piezo unit 877, it is displaced in 
a direction opposite to that shown by arrow M8 in 
Fig. 1 1 0A for raising the vtoration plate 872 about its por- 
tion formed with the second protrusion 875 as center for 
increasing the pressure in the first pressurizing cham- 
ber 871 H. 

If, as shown in Fig.110C, the driving voltage is 
annulled, the first layered piezo unit 877 is lineally dis- 
placed in a direction shown by arrow C in Fig. 1 10C for 
thrusting the second protrusion 875 tor warping the 
vibration plate 872 for increasing the volume of the first 
pressurizing chamber 871 H for thereby increasing the 
pressure in the first pressurizing chamber 871 H. Since 
the second protrusion 875 is sized to be smaller than 
the surface 877A of the first layered piezo unit 877, em- 
placement of the first layered piezo unit 877 can be 
transmitted in a concentrated manner to a position of 
the vibration plate 872 in register with the first pressuriz- 
ing chamber 871 H. 

The operation of the 'carrier jet printer 1 head 855 is 
new explained. 

If a pre-set driving voltage is applied across the first 
and second layered piezo unit 876, 877, the piezo units 
are displaced in a direction opposite to that shown by 
arrow M8 in Fig. 11 OA. Since the portions of the vibra- 
tion plate 872 in register with the second pressurizing 
chamber 871 C and the first pressurizing chamber 871 H 
are raised in a direction opposite to that shown by arrow 
M8 in Fig.1 10A. the pressure in the pressurizing cham- 
ber 871 H is raised in a direction opposite to that shown 
by arrow M8 in Fig.1 1 0A to increase the pressure in the 
second pressurizing chamber 871 C and the first pres- 
surizing chamber 871 H. 

Although the meniscus at the distal ends of the 
quantitation nozzle 873 A and the emission nozzle 873 B 
is momentarily receded towards the second pressuriz- 
ing chamber 871 C and the first pressurizing chamber 
871 H, respectively it is stabilized in the vicinity of the 
distal ends of the quantitation nozzle 873A and the 
emission nozzle 873B, once the displacement of the 
first and second layered piezo units 535 subsides, by 
equilibrium with the surface tension. 

During ink quantitation, the driving voltage 
impressed across the second layered piezo unit 876 is 
annulled, as a result of which the second layered piezo 
unit 876 is displaced in the direction of arrow M8 in 
Fig. 1 1 0B and hence the vibration plate 872 is displaced 
in a direction indicated by arrow M8 in Fig.1 1 0B. This 
decreases the volume in the second pressurizing cham- 
ber 871 C for raising the pressure therein. 

It is noted that time changes of the driving voltage 
impressed 'across the second layered piezo unit 876 are 
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set to a moderate value so as to inhibit the ink flying off 
from the quantitation nozzle 873 A, so that the ink is 
emitted without making flight from the quantitation noz- 
zle 873A. 

The voltage at the time of removing the driving voft- s 
age applied across the second layered piezo unit 876 is 
set to a value in meeting with the gradation of picture 
data for setting the amount of ink extruded from the dis- 
tal end of the quantitation nozzle 873A to a value in 
meeting with the picture data. io 

The ink emitted from the quantitation nozzle 873A 
is contacted and mixed with the dilution solution which 
forms a meniscus at the distal end of the emission noz- 
zle 873B. 

During emission of the mixed solution, the driving is 
voltage so far applied across the first layered piezo unit 
877 is removed, as a result of which the first layered 
piezo unit 877 is displaced in a direction shown by arrow 
M8 in Fig.HOC. With displacement of the first layered 
piezo unit 877, the vibration plate 872 is displaced in the 20 
direction of arow M8 in Fig. HOC. By displacement of 
the vtoration plate 872, the volume in the first pressuriz- 
ing chamber 871 H is decreased to raise the pressure 
therein so that the mixed solution having an ink concen- 
tration in meeting with the picture data is emitted from 25 
the emission nozzle 873B. It is noted that time changes 
of the driving voltage applied across the first layered 
piezo unit 877 are set for emitting a targeted amount of 
ink via emission nozzle 873B. 

In the printer device of the present embodiment, the so 
second pressurizing chamber 87 1C of the 'carrier jet 
printer* head 715 is shaped as shown for example in 
Fig. 109 so that no air bubbles will be left in the second 
pressurizing chamber 871 C even during ink charging. 
Specifically, the second pressurizing chamber 871 C is ss 
shaped so that the width C4 of the portion thereof 
formed with the second nozzle inlet opening 871 D will 
be smaller than the main width C3 of the second pres- 
surizing chamber 871 C and so that the width in the 
vicinity of the second nozzle inlet opening 871 D will be 40 
progressively decreased towards the second nozzle 
inlet opening 871 D. With the 'carrier jet printer 1 head 
855, in which the second pressurizing chamber 871 C is 
shaped as described above, it becomes possible to 
leave no air bubbles in the second pressurizing cham- 45 
ber 871 C even if the ink is charged into the second pres- 
surizing chamber 871 C when the air has been charged 
into the second pressurizing chamber 871 C. that is 
when the air is present on the wall surface of the second 
pressurizing chamber 871 C. so 

In the present embodiment of the printer device, the 
first pressurizing chamber 871 H of the 'carrier jet 
printer* head 855 is shaped as shown for example in 
Fig. 1 09 so that no air bubbles will be left in the first pres- 
surizing chamber 871 H even during dilution solution ss 
charging. Specifically, the first pressurizing chamber 
871 H is shaped so that the width H2 of the portion 
thereof formed with the first nozzle inlet opening 871 1 



will be smaller than the main width H1 of the first pres- 
surizing chamber 871 H and so that the width in the 
vicinity of the first nozzle inlet opening 871 1 will be pro- 
gressively decreased towards the f irst nozzle inlet open- 
ing 871 1. With the 'carrier jet printer' head 855, in which 
the first pressurizing chamber 871 H is shaped as 
described above, it becomes possfcle to leave no air 
bubbles in the first pressurizing chamber 871 H even if 
the cfilution solution is charged into the first pressurizing 
chamber 871H when the air has been charged into the 
first pressurizing chamber 871 H, that is when the air is 
present on the wall surface of the first pressurizing 
chamber 871 H. 

Since the operation when the ink tank and the dilu- 
tion solution tank are fitted on the 'carrier jet printer' 
head 855, that is the operation during ink charging and 
dilution solution charging, is similar to that during ink 
charging in the ink jet printer head 715 of the above- 
described first embodiment of the printer device, 
detailed explanation is omitted. Suffice it to state here 
that, in the present embodiment the width C4 f the por- 
tion of the second pressurizing chamber 871 C formed 
with the second nozzle inlet opening 871 D is smaller 
than the width of an optional other portion and is 
designed to be decreased in the vicinity of the forming 
portion of the second nozzle inlet opening 871 D to per- 
mit no air bubbles to be left in the vicinity of the wall sur- 
faces of the second pressurizing chamber 871 c and the 
second nozzle inlet opening 871 D. 

In the 'carrier jet printer' head 855, since the width 
H2 of the ink inlet opening forming portion of the first 
pressurizing chamber 871 H of the Ink jet printer' head 
855 is selected to be smaller than the width of an 
optional other portion, and the width is gradually 
decreased towards the first nozzle inlet opening 871 1 in 
the vicinity of the first nozzle inlet opening forming por- 
tion of the first pressurizing chamber 871 H, it becomes 
possible to eliminate air bubbles in the vicinity of the wall 
surfaces of the first pressurizing chamber 871 H or the 
first nozzle inlet opening 871 1. 

In the present embodiment, similarly to the first 
embodiment air bubbles left near the center of the sec- 
ond nozzle inlet opening 871 D and the second pressu- 
rizing chamber 871 C can be easily expelled out of the 
emission nozzle 733A by usual maintenance opera- 
tions, such as suction form the opening surface of the 
emission nozzle 873A or dummy vibrations imparted to 
the vibration plate 732. 

On the other hand, air bubbles left ne*ar the center 
of the first nozzle inlet opening 871 1 and the first pressu- 
rizing chamber 871 H can be easily expelled out of the 
emission nozzle 873B by usual maintenance opera- 
tions, such as suction from the opening surface of the 
emission nozzle 873B or dummy vforations imparted to 
the vibration plate 872. 

The manufacturing method for the 'carrier jet 
printer* head 855 is now explained by referring to 
Figs.111. 112 and 113. 



BNSOOCIO- <EP ORPQ^CAI 1 ^ 



85 



169 



EP0829 355 A1 



170 



Referring first to Rg.1 1 1 A, a resist, such as a pho- 
tosensitive dry film or a liquid resist material, is coated 
on a surface 882A of a plate 882, which is a plate of 
metal, such as stainless steel, having a thickness of 
approximately 0.1 mm. Then, pattern light exposure is 5 
carried out using a mask of a pattern corresponding to 
the shape of the second pressurizing chamber 871 C, 
second connection opening 871 Q, first pressurizing 
chamber 871H and the first connection opening 871 U 
for forming a resist 883. A resist, such as a photosensi- 10 
tive dry film or a liquid resist material, then is coated on 
the opposite surface 882B of the plate 882. Then, pat- 
tern light exposure is carried out using a mask of a pat- 
tern corresponding to the shape of the second nozzle 
inlet opening 871 D, second liquid supply duct 871 E, ink 75 
buffer tank 871 F, first nozzle inlet opening 871 1, first liq- 
uid supply duct 871 J and the dilution solution buffer tank 
871 K for forming a resist 884. 

Then, using the resist 883, having a pattern corre- 
sporxfing to the shape of the second pressurizing 20 
chamber 871 C, second connection opening 871 G, first 
pressurizing chamber 871 H and the first connection 
opening 871 U and the resist 884, having a pattern cor- 
responding to the shape of the second nozzle inlet 
opening 871 D, second liquid supply duct 871 E, ink 25 
buffer tank 871 F, first nozzle inlet opening 871 1, first liq- 
uid supply duct 871J and the dilution solution buffer tank 
871 K, as masks, the plate 882 is immersed for a pre-set 
time in an etching solution composed of. for example, an 
aqueous solution of ferrous chloride, for forming the 30 
second pressurizing chamber 871 C, second connection 
opening 871G, first pressurizing chamber 871 H and the 
first connection opening 871 L On the opposite surface 
882B of the plate 882 are formed the second nozzle 
inlet opening 871 D. second liquid supply duct 871 E, ink 36 
buffer tank 871 F. first nozzle inlet opening 871 1, first liq- 
uid supply duct 871J and the dilution solution buffer tank 
871 K. This completes the above-mentioned pressuriz- 
ing chamber forming unit 871. 

The etching quantity is selected so that the etching 40 
amount from the sole side 882A and the opposite side 
882B of the plate 882 will be approximately slightly 
larger than one-half the thickness of the plate 882. 
Since the plate material 882 is selected to be 0.1 mm in 
thickness, the etching amount from one surface of the 45 
plate material is selected to be approximately 0.55mm. 
By setting the etching quantity to this value, it becomes 
possible to improve the second pressurizing chamber 
871 C, second connection opening 871 G, nozzle inlet 
opening 871 D, second liquid supply duct 871 E, ink so 
buffer tank 871 F, first pressurizing chamber 871 H, first 

_connection„opening. 871 L,_f irst_nozzle JnM_op_ening 

871 1, first liquid supply duct 871J and the dilution solu- 
tion buffer tank 871 K can be improved in dimensional 
accuracy and formed in stability. ss 

Since the etching amount from the surface 882A of 
the plate 882 is equal to that from the other surface 
882B thereof, the etching condition for forming the sec- 



ond pressurizing chamber 871 C, second connection 
opening 871 G, first pressurizing chamber 871 C and the 
first connection opening 871 L in the surface 882A of the 
plate 882 can be set so as to be substantially equal to 
that for forming the second nozzle inlet opening 871 D, 
second liquid supply duct 871 E, ink buffer tank 871 F, 
first nozzle inlet opening 8711, first liquid supply duct 
871J and the cfilution solution buffer tank 871 K in the 
opposite surface 882 B of the plate 882 thus enabling 
this etching process t obe completed easily and in a 
shorter time. 

n should be noted that the widths of the nozzle inlet 
opening 871 D and the first nozzle inlet opening 871 1 are 
selected to be larger respectively than the diameters of 
the quantitation nozzle 873A and the emission nozzle 
833B to an extent that pressure rise in the second pres- 
surizing chamber 873C and in the first pressurizing 
chamber 873H is not affected by the pressure 
impressed on the pressurizing chamber 731 C. 

The width of the second nozzle inlet opening 871 D 
also is selected to be approximately equal to the width 
of the portion of the second pressurizing chamber 871 C 
formed with the nozzle inlet opening 871 D and smaller 
than the main width of the second pressurizing chamber 
871 C. The width of the first nozzle inlet opening 871 1 is 
substantially equal to the width of the portion of the first 
pressurizing chamber 871 H formed with the first nozzle 
inlet opening 8711 and narrower than the main width of 
the first pressurizing chamber 871 H. The widths of the 
second nozzle inlet opening 871 D and the first nozzle 
inlet opening 871 1 are preferably not larger than than 2.5 
times the plate thickness. 

Also, from the viewpoint of the manufacturing proc- 
ess, the widths of the second nozzle inlet opening 871 D 
and the first nozzle inlet opening 871 1 are preferably not 
less than the plate thickness because these widths 
approximately equal to the plate thickness lead to shape 
errors in the course of the manufacturing process. In the 
instant embodiment, the widths of the second nozzle 
inlet opening 871 D and the first nozzle inlet opening 
871 1 are approximately equal to 0.2 mm, that is approx- 
imately twice the plate thickness. 

The resists 883, 884 are then removed, as shown in ' 
Fig. 1 1 1 C. If a dry film resist is used as the resist 883 or 
884, an aqueous solution of sodium hydroxide with the 
concentration of sodium hydroxide of not more than 5% 
is used as a removing agent, whereas, if a liquid resist 
material is used as the resist 883 or 884, a dedicated 
alkaline solution is used as a removing agent After 
removing the resists 883, 884, a resin material 885 of 
Neoflex (trade name of a product manufactured by MIT- 
SU1 TOAT SU KAGAKU KOGYO KK) having a thickness 
of approximately 50 \ini and a glass transition tempera- 
ture of not higher than 250°C is affixed by thermal pres- 
sure bonding to the opposite surface 871 B of the 
pressurizing chamber forming unit 871. This thermal 
pressure bonding is by applying a pressure of the order 
of 20 to 30 kgf/cm2 at a press-working temperature of 
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approximately 230°C. By setting this thermal pressure 
bonding, bonding strength between the pressurizing 
chamber forming unit 871 and the resin material 885 
can be irtproved. while the two can be bonded together 
more efficiently. 5 

Since the resin material 885 is not formed with the 
quantitation nozzle 873A nor with the emission nozzle 
87B, the process of bonding the resin material 8851 to 
the pressurizing chamber forming unit 871 is simplified 
to an extent that high precision is not required of the w 
bonding process. Moreover, since the resin material 
885 is bonded to the pressurizing chamber forming unit 
871 without using an adhesive, there is no risk of the 
adhesive stopping up the liquid supply duct 871J. 

Then, as shown in Hg.1 1 1D, a liquid repellent film 75 
867 is formed on the surface of the resin material 885 
facing the pressurizing chamber forming unit 871. As 
the liquid repellent film 867, such a film is preferred 
which repels the ink, does not allow the ink to be depos- 
ited in the vicinity of the ink emission opening and 20 
which, in case of forming the emission nozzle 873B in 
the vicinity of the ink emission opening by excimer laser, 
does not generate burrs or cause film peeling. For 
example, a fluorine-based material dispersed in the 
polyimide material, such as modified FEP material 958- 25 
207, a trade name of a product manufactured by DU 
PONT, a polyimide material having hygroscopidty not 
higher than 0.4%, such as polyimide-based overcoat 
ink; Upicoat FS-100L or FORWARD PREDICTION-100 
(trade names of products manufactured by UBE 30 
KOSAN KK) or liquid-repellent polybenzo imidazole, for 
example, coated type polybenzo imidazole material 
NPBI ( trade name of a product manufactured by 
Hoechst). 

Then, as shown in Fig.1 1 1 E, excimer laser is radi- 35 
ated perpendicularly to the resin material 885 from the 
surface 871 A of the pressurizing chamber forming unit 
871 via first pressurizing chamber 871 H and the first 
nozzle inlet opening 871 D for forming the emission noz- 
zle 873B in the resin material 885. Also, excimer laser is *o 
radiated obliquely to the resin material 885 from the sur- 
face 871 A of the pressurizing chamber forming unit 871 
via second pressurizing chamber 871 C and the second 
nozzle inlet opening 871 D for forming the quantitation 
nozzle 873A in the resin material 885. This gives the 45 
above-mentioned orifice plate 873. 

Since the resin material 885 is used as the material 
for the orifice plate 873, such that the orifice plate 733 is 
a resin member, the quantitation nozzle 873A and the 
emission nozzle 873B can be manufactured easily, so 
Moreover, since the liquid-repellent film 742 is formed of 
a material selected to be high in workability with excimer 
laser, the quantitation nozzle 873A and the emission 
nozzle 873B can be formed easily. In addition, since the 
second nozzle inlet opening 8710 and the first nozzle ss 
inlet opening 871 1 are larger in diameter than the quan- 
titation nozzle 873A and the emission nozzle 873 B, reg- 
istration accuracy between the resin material 885 and 



the pressurizing chamber forming unit 871 during laser 
working need not be high. Also, there is no risk of the 
laser being shielded by the pressurizing chamber form- 
ing unit 871 during laser working. 

Then, as shown in Fig. 1 12A, the vfcration plate 872 
of. for example, Neof lex (trade name of a product man- 
ufactured by MITSUI TOATSU KAGAKU KOGYO KK) 
having a thickness of approximately 20 \tm and a glass 
transition temperature of not higher than 250°C, and 
having the protrusion 734 formed on its major surface, is 
affixed to the surface 871 A of the pressurizing chamber 
forming unit 871 by thermal pressure bonding. This 
thermal pressure bonding is by applying a pressure of 
the order of 20 to 30 kgf/cm2 at a press-working temper* 
ature of approximately 230°C. By setting this thermal 
pressure bonding condition, the bonding strength 
between the pressurizing chamber forming unit 871 and 
the vtoration plate 872 can be improved; while the two 
can be bonded together more efficiently. The protru- 
sions 874, 875 can be formed by forming a metal foil, 
such as a Cu or Ni foil, on a Neoflex film which later 
proves to be the vibration plate 872, to a plate thickness 
of the order of 18 11m, and by carrying out the process 
similar to the process of forming a well-known printed 
board. 

An example of the metal foil, such as a Cu or Ni foil, 
formed on the Neoflex film which later proves to be the 
vibration plate 872, is a material obtained on forming a 
Cu film approximately 20 urn thick on a Neoflex fiim 
approximately 20 pm thick and with a glass transition 
temperature of not higher than 250°C, such as a metal 
wrapping fim manufactured by MITSUI TOATSU 
KAGAKU KOGYO KK. 

This metal wrapping film has an organic material 
portion which proves to be the vibration plate 732 and 
which is of a laminated structure of a layered product 
872a with a Cu material. The layered product 872a is 
made up of a first layer 872E of Neoflex having a glass 
transition temperature of not higher than 250°C and 
exhibiting bonding properties in a temperature range of 
from 220°C to 230°C, a third layer 872C of Neoflex hav- 
ing a glass transition temperature of not higher than 
300°C and exhibiting bonding properties in a tempera- 
ture range of from 270°C to 280°C and a second layer 
872D of a polyimide material having a glass transition 
temperature of not lower than 300°C and not exhibiting 
bonding properties at a temperature not higher than 
300°C. Thus, since an adhesive softened at a lower 
temperature is not used in this metal wrapping film, the 
protrusions 874, 875 can be formed on the vibration 
plate 872 as a heat-resistant structure. 

In the 'carrier jet printer* head 855 of the present 
embodiment of the printer device, since the first liquid 
supply duct 871 E is not opened on the surface 871 A of 
the pressurizing chamber forming unit 871, there is no 
impending necessity of using the above-mentioned 
thermoplastic adhesive as an adhesive for the vforation 
plate 872. That is, the vibration plate 872 may be 
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bonded to the surface 871 A of the pressurizing cham- 
ber forming unit 871 using an adhesive cured at a lower 
temperature, such as an epoxy -based adhesive. 

Then, as shown in Hg.112B, the second and first 
layered piezo units 876, 877 are bonded to the protru- s 
sions 874, 875 using, for example, an epcocy-based 
adhesive, and subsequently an ink supply duct 879 and 
a dilution solution supply duct 881 are bonded to the 
surface 872A of the vibration plate 872 in register with 
the second through-hole 872B and the first through-hole io 
872A. This gives the 'carrier jet printer' head 855. 

In the 'carrier jet printer* head, since the width of the 
ink inlet opening forming portion of the pressurizing 
chamber 871 C of the 'ink jet printer' head 855 is 
selected to be smaller than the width of an optional is 
other portion, it becomes possible to eliminate air bub- 
bles in the vicinity of the wall surface of the first pressu- 
rizing chamber 871 H and the first nozzle inlet opening 
871 D. 

Even supposing that air bubbles exist in the second 20 
pressurizing chamber 871 C or in the first pressurizing 
chamber 871 H during ink tank exchange, since the 
probability of the air bubbles present permanently on 
the wall surface of the second pressurizing chamber 
73 1C or the first pressurizing chamber 871 H is 2s 
extremely low, these air bubbles can be easily expelled 
out of the quantitation nozzle 873 A or the emission noz- 
zle 873B by usual maintenance operations, such as 
suction from the opening surface of the quantitation 
nozzle 873A or the emission nozzle 873B or dummy 30 
vibrations imparted to the vibration plate 732. 

Thus, the printer device of the present embodiment 
can perform the printing operation more reliably. 

(3) Other embodiments 35 

In the above-described first embodiment the orifice 
plate 733 of Neof lex having the glass transition temper- 
ature not higher than 250°C is used. The present inven- 
tion however, is not limited t this configuration since the 40 
effect comparable to that realized with the above- 
described first embodiment can be realized using an 
orifice plate 891 shown in Fig.1 14. 

This orifice plate 891 is made up of a second resin 
892 of Caption (manufactured by DU PONT) approxi- 45 
mately 125 11m thick with a glass transition temperature 
of not lower than 250°C and a first resin 893 of Neof lex 
approximately 7 jim thick with a glass transition temper- 
ature of not higher than 250°C, deposited on the major 
surface of the second resin. If this orifice plate 891 is so 
applied, there is formed in the orifice plate 891 an emis- 

sion nozzle 733A communicating with t he nozzle inlet 

opening 73 10. 

Since the orifice plate 891 is thicker in thickness 
than the orifice plate 733 used in the first embodiment, ss 
it is improved in strength as compared to the orifice 
plate 733. In addition, since the emission nozzle 733A 
may be of longer length, emitted ink droplets may be 



improved in directivity. 

In the above-descrtoed first embodiment, the Inkjet 
printer head 715 adapted for applying the pressure on 
the pressurizing chamber 731c using the layered piezo 
unit 735 is applied to the printer device, this invention is 
not limited to the configuration since the effect compa- 
rable to that of the first embodiment descrfoed above 
can be realized by employing the ink jet printer head 
900 shown in Figs.115and 116 may be used in place of 
the ink jet printer head 715 used in the first embocfi- 
ment In Figs. 1 1 5 and 116, parts or components similar 
in structure to those of the ink jet printer head 715 
shown in Fig. 101 are depicted by the same reference 
numerals. 

In a present ink jet printer head 900, the above- 
described orifice plate 891 may be used in place of the 
orifice plate 733. If the orifice plate 891 is used, the 
above-descrfoed effects, such as improved liquid drop- 
let directivity, may be achieved. 

In the ink jet printer head 900, since a vibration 
plate 901 is bonded to the portion of the surface 732A of 
the vibration plate 732 in register with the pressurizing 
chamber 731 C, and a piezoelectric device 902 is set so 
as to be contracted in the in-plane direction of the vtora- 
tton plate 901 and so as to be flexed in the direction 
opposite to the direction of arrow mark M7 in Fig. 1 15. 

Thus, if, in the present ink jet printer head 900, a 
driving voltage is applied across the piezoelectric 
device 902 in an initial state shown in Fig.1 16, the pie- 
zoelectric device 902 is flexed in a direction shown by 
arrow M7 in Fig.1 16B to thrust the vibration plate 901 to 
warp the vibration plate 732. This decreases the volume 
of the pressurizing chamber 731 C to raise the pressure 
therein to emit ink via emission nozzle 733A. 

In this case, time changes of the driving voltage 
applied across the piezoelectric device 902 are set to a 
voltage waveform capable of emitting a targeted amount 
of ink from the emission nozzle 733A. 

In the above-described second embodiment, the 
orifice plate 873 of Neoflex having the glass transition 
temperature of not higher than 250°C is used. The 
present invention, however, is not limited to this configu- 
ration since the effect comparable to that of the second 
embodiment may be realized by using the orifice plate 
891 shown in Fig. 1 1 4 in place of the orifice plate 873 of 
the second embodiment. 

In particular, if the orifice plate 891 is used in the 
'carrier jet printer' had 855. allowance may be accorded 
to the tilt angle of the quantitation nozzle 873A, while 
the separation between the second pressurizing cham- 
ber 871 C and the first pressurizing chamber 871 H may 
^e increased^asily. thus rel^ leakage 
or dilution solution leakage. 

In this case, the quantitation nozzle 873A and the 
emission nozzle 873 B communicating with the second 
nozzle inlet opening 871 D and the first nozzle inlet 
opening 871 1 are formed in the orifice plate 891 . 

In the above-described second embodiment, the 
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'carrier jet printer* head, in which pressure is applied 
across the second pressurizing chamber 871 C and the 
first pressurizing chamber 871 H. using the second lay- 
ered piezo unit 876 and the first pressurizing chamber 
871 H. is applied to the printer device. The present 5 
invention, however, is not limited to this configuration 
since a 'carrier jet printer* head 1040 shown in Figs.1 1 7 
and 1 18 may be used in place of the 'carrier jet printer* 
head 855 used in the second embodiment. Meanwhile, 
in Rgs.117 and 118, parts or components similar in w 
structure to the carrier jet printer head 855 of Fig. 108 
are depicted by the same reference numerals, and the 
corresponding description is omitted for simplicity. 

In this 'carrier jet printer' head 1040, the above- 
descrbed orifice plate 891 may be applied in place of is 
the orifice plate 873. If the orifice plate 891 is used, the 
above effect of reliably preventing ink leakage or dilution 
solution leakage as descrfced above may be achieved. 

In the 'carrier jet printer* head 1040, a second vtora- 
tion plate 1041 and a first vibration plate 1042 are 20 
bonded to the portions of the surface 872A of the vfcra- 
tion plate 872 in register with the second pressurizing 
chamber 871 C and the first pressurizing chamber 
871 H, whilst plate-shaped piezoelectric devices 1043 
and 1044 are layered on the second vibration plates 2s 
1 041 , 1 042, respectively. The polarization and the direc- 
tion of voltage impression for the first and second piezo- 
electric devices 1043, 1044 are set so that, on voltage 
application across the first and second piezoelectric 
devices 1044, 1043, the first piezoelectric device 1044 30 
is contracted in the in-plane direction of the first vibra- 
tion plate 1012 so as to be flexed in the in-plane direc- 
tion of the second vtoration plate 1041 and so as to be 
flexed in the direction shown by arrow M8 in Fig. 17. 

In the emission ready state shown in Fig.118A of 35 
the 'carrier jet printer' head 1040, no driving voltage is 
applied across the first and second piezoelectric 
devices 1014, 1013, such that the meniscus of the ink 
and that of the dilution solution are formed at a position 
of equilibrium with the surface tension, that is in the 40 
vicinity of the distal end of the quantitation nozzle 873A 
and the emission nozzle 873B. 

During ink quantitation shown in Fig.1 18B, the driv- 
ing voltage is applied across the second piezoelectric 
device 1043 of the present 'carrier jet printer* head 45 
1040. This flexes the second piezoelectric device 1043 
and the second vibration plate 1041 in the direction 
shown by arrow M8 in Rg.118B to warp the portion of 
the vfcration plate 872 in register with the second pres- 
surizing chamber 871 C in the direction shown by arrow so 
M8. The result is that the volume in the second pressu- 
rizing chamber 871 C to raise the pressure therein. 

Since the voltage value applied across the second 
piezoelectric device 1043 is set to a value in meeting 
with the gradation of picture data, the amount of the ink 55 
extruded from the distal end of the quantitation nozzle 
873A is in meeting with the picture data. 

The ink just extruded from the quantitation nozzle 



873A is contacted and mixed with the dilution solution 
which forms the meniscus in the vicinity of the distal end 
of the emission nozzle 873B. 

During emission of the mixed solution, a driving 
voltage is applied across the first piezoelectric device 
1 044. This flexes the first piezoelectric device 1044 and 
the first vfcration plate 1042 in the direction indicated by 
arrow M8 in Rg.18C to warp the portion of the vibration 
plate 872 in register with the first pressurizing chamber 
871 H of the vforation plate 872. The result is that the 
volume of the first pressurizing chamber 87H is 
decreased to raise the pressure therein to emit the 
mixed solution having the ink concentration in meeting 
with the picture data from the emission nozzle 873B. 

It is noted that time changes of the driving voltage 
applied across the first piezoelectric device 1044 are set 
so as to emit the mixed solution of the targeted concen- 
tration from the emission nozzle 873B. 

In the second embodiment the ink is set to the 
quantitation side and the dilution solution is set to the 
emission side. The present invention, however, is not 
limited to this configuration since the effect comparable - 
to that of the above-described second embodiment may s 
be realized by setting the ink and the dilution solution to >~ 
the emitting side and to the quantitation side, respec- 
tively. 

In the above embodiment, the present invention is 
applied to the serial type printer. The present invention. . 
however, is not limited to this configuration since it can 
be applied to a fine type printer device and to a drum : 
type printer device. The above-described ink jet printer 
head 900 may be used as this line type printer device. ~ 
As the line typ printer device and the drum rotation type * 
printer device, the above-described 'carrier jet printer* 
head 1040 may be used. 

In the above-descrbed first and second embodi- 
ments, the pressurizing chamber forming units 731 , 871 
are fabricated using plates of stainless steel 738, 882 
with a thickness approximately equal to 0.1 mm. Trie 
present invention, however, is not limited to this configu- 
ration since various other numerical figures may be 
used for the thickness of the plates 738, 882. Since the 
chambers and openings in the pressurizing chamber 
forming units 731, 871 are formed by etching, as 
descrtoed above, the thickness of the plate 738 or 882 
is preferably set to not less than 0.07 mm. By setting the 
thickness of the plate 738 or 882 so as to be not less 
than 0.7 mm, sufficient strength of the plates 738, .882 
may be achieved to raise the pressure in the pressuriz- 
ing chamber 731C, second pressurizing chamber 871C 
or in the first pressurizing chamber 871 H. 

In the above-described first and second embodi- 
ments, the orifice plates 733, 873 are affixed by thermal 
pressure bonding to the pressurizing chamber forming 
units 731 , 871 under a pressure of 20 to 30 kgf/cm2 at 
a press-working temperature of the order of 230°C. The 
present invention, however, is not limited to this configu- 
ration since the orifice plates 733 and 873 may be ther- 
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mal pressure bonded to the pressurizing chamber 
forming units 731 , 871 at various other numerical values 
as long as sufficient bonding strength can thereby be 
realized. 

In the above-described first and second embodi- s 
merits, the exdmer laser is used for forming the emis- 
sion nozzle 733A on the resin material 741 and for 
forming the quantitation nozzle 873a and the emission 
nozzle 873B on the resin material 885. The present 
invention, however, is not limited to this configuration io 
since the emission nozzle 733 A, quantitation nozzle 
873A and the emission nozzle 873B may also be 
formed using various other lasers, such as carbonic gas 
laser. 

In the above-descrbed first and second embodi- is 
merits, the pressurizing chamber 731 C and the second 
pressurizing chamber 871 C are used as the ink cham- 
ber in which the ink is charged and pressurized to a pre- 
set pressure. The present invention, however, is not lim- 
ited to this configuration since various other ink cham- 20 
bers may be used as the ink chambers. 

In the above-descrbed first and second embodi- 
ments, the liquid supply duct 731 E and the second liq- 
uid supply duct 871 E are used as the ink flow path 
formed perpendicularly to the arraying direction of the 25 
ink chambers for supplying the ink from the ink supply 
source to the ink chambers. The present invention, how- 
ever, is not limited to this configuration since various 
other ink flow paths may be used 

In the above-described first and second embodi- 3c 
merits, the emission nozzle 733A and the quantitation 
nozzle 873A are used as ink emission openings for 
emitting the ink supplied from the ink chambers when 
the pressure is supplied to the ink flow paths. The 
present invention, however, is not limited to this configu- 35 
ration since various other ink emission openings maybe 
used as the ink emitting openings. 

In the above-described second embodiment the 
first pressurizing chambers 871 H are used as plural 
dilution solution chambers charged with the dilution 40 
solution to be mixed with ink on emission and pressu- 
rized to a pre-set pressure. The present invention, how- 
ever, is not limited to this configuration since various 
other dilution solution chambers may be used as the 
dilution solution chambers. 45 

In the above-descrbed second embodiment the 
first liquid supply duct 871 J is used as the dilution solu- 
tion flow path formed perpendicularly to the arraying 
direction of the dilution solution chambers for supplying 
the dilution solution supplied from the dilution solution so 
supplying source to each dilution solution chamber. The 
present invention, however, is not limited to this conf igu- 

ration since various other-dilution solution flow paths 

may be used as the dilution solution flow paths. 

In the above-described second embodiment the ss 
emission nozzle 873B is used as the dilution solution 
emitting opening for emitting the cfilution solution from 
each dilution solution chamber to the recording medium 



on pressure application to each dilution solution flow 
path. The present invention, however, is not limited to 
this configuration since various other cfflution solution 
emission openings may be used as the dilution solution 
flow path. 

In the above-descrbed first and second embodi- 
ments, the pressurizing chamber forming units 731 , 871 
are used as metal plates formed with pressurizing 
chambers and liquid supply ducts by perforation. The 
present invention, however, is not limited to this configu- 
ration since various other metal plates may be used as 
metal plates formed with the pressurizing chambers and 
liquid supply ducts by perforation. 

In the above-descrbed first and second embodi- 
ments, the orifice plate 733. 873 are used as plate- 
shaped resin members formed with the ink emitting 
openings. The present invention, however, is not limited 
to this configuration since various other resin materials 
may be used as plate-shaped resin materials formed 
with ink emitting openings for emitting the ink. 

In the above-descrbed first and second embodi- 
ments, the orifice plates 733, 873 of Neoflex with a 
thickness of approximately 50 \im and a glass transition 
temperature of not higher than 250°C are used as a 
resin material having the glass transition temperature of 
not higher than 250°C. The present invention, however, 
is not limited to this configuration since various other 
resin materials may be used if the resin material has the 
glass transition temperature of not higher than 250°C. 

In the above-described embodiments, the orifice 
plate 891 is used as resin material made up of the sec- 
ond resin having the glass transition temperature not 
lower than 250°C and a first resin having the glass tran- 
sition temperature not higher than 250°C layered ther- 
eon. The present invention, however, is not limited to 
this configuration since various other resins may be 
used as resin material made up of the second resin hav- 
ing the glass transition temperature not tower than 
250°C and the first resin having the glass transition tem- 
perature not higher than 250°C layered thereon. 

In the above-descrbed first and second embodi- 
ments, the ink buffer tank 731 F and the ink buffer tank 
871 F are used as ink delivery means for delivery of ink 
supplied from the ink supply source. The present inven- 
tion, however, is not limited to this configuration since 
various other ink delivery means may be used as such 
ink delivery means. 

Also, in the above second embocfiment the dilution 
solution buffer tank 871 K is used as dilution solution 
delivery means for delivery of the dilution solution sup- 
plied from a dilution solution supply source so as to be 
mixed on emission with the ink. The present invention, 
however r is not limited to this configuration since various 
other dilution solution delivery means may be used as 
such dilution solution delivery means. 
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Industrial Applicability 

In the printer device of the first subject-matter of the 
invention, there is mounted, between an emission noz- 
zle and an associated pressurizing chamber, a hard s 
member having a nozzle inlet opening for communica- 
tion between the two. In the printer device of the second 
subject-matter of the invention, there is mounted, 
between an emission nozzle and an associated first 
pressurizing chamber, a hard member having a first 10 
nozzle inlet opening for communication between the 
two, while there is mounted, between a quantitation 
nozzle and an associated second pressurizing cham- 
ber, a hard member having a second nozzle inlet open- 
ing for communication between the two. Thus, if is 
pressure is exerted on the pressurizing chamber, first 
pressurizing chamber or the second pressurizing cham- 
ber by pressurizing means, the pressure in these pres- 
surizing chambers is increased effectively for forming 
the emission nozzle or the quantitation nozzle in the 20 
resin member, thus allowing to form the emission nozzle 
or the quantitation nozzle with high a7cccuracy in such 
a manner as to fully meet the working properties for 
laser thus improving productivity and reliability. 

In the above-described printer device of the third 2s 
subject-matter of the invention, a pressurizing chamber 
is arranged on one surface of a pressurizing chamber 
forming unit, a vibration plate is arranged on this surface 
and a liquid supply duct for supplying the liquid to this 
pressurizing chamber is formed on the opposite side so 
surface of the pressurizing chamber forming unit, that is 
towards the emission nozzle not provided with the vibra- 
tion plate. In the printer device of the fourth subject-mat- 
ter of the invention, the first and second pressurizing 
chambers are formed on one surface of the pressurizing 35 
chamber forming unit a vibration plate is mounted on 
this surface and the first and second liquid supply ducts 
for supplying the liquid to the first and second pressuriz- 
ing chambers are formed on the other surface of the 
pressurizingwchamber forming unit, . that is towards the *o 
emission nozzle and the quantitation nozzle not pro- 
vided with the vibration plate. Thus, the liquid supply 
ducts are not filled with the adhesive during bonding the 
vibration plate, and the vibration plate is bonded with 
high accuracy to the base block, while thee is no risk of 45 
complicating the vibration plate bonding process, thus 
improving reliability. 

In the printer device of the fifth subject-matter of the 
invention and the printer device of the seventh subject- 
matter of the invention, the liquid supply duct for supply- so 
ing the liquid to the pressurizing chamber communicat- 
ing with the emission nozzle is formed obliquely to the 
arraying direction of the pressurizing chambers or to the 
delivery surface of supplying the liquid form the liquid 
supply source to the liquid supply duct, whereas, in the ss 
printer device of the sixth subject-matter of the invention 
and the printer device of the eighth subject-matter of the 
invention, the first liquid supply duct for supplying the 



liquid to the first pressurizing chamber communicating 
with the emission nozzle is formed obliquely to the 
arraying direction of the first pressurizing chambers and 
to the delivery surface of supplying the liquid from the 
liquid supply source to the first liquid supply duct Thus, 
the length of the liquid supply duct perpendicular to the 
pressurizing chamber arraying cfirection or to the deliv- 
ery surface ts shortened for reducing the size. Also, 
since the liquid supply duct communicating with the 
emission nozzle via pressurizing chamber and first 
pressurizing chamber and the first liquid supply duct are 
also formed obliquely to the pressurizing chamber 
arraying direction or the delivery surface for supplying 
the liquid to each liquid supply duct, the length of these 
liquid supply ducts is maintained to some extent thus 
assuring the vigor of emission. 

Moreover, in the printer device of the ninth subject- 
matter of the invention, the pressurizing chamber of the 
pressurizing chamber forming unit communicates with 
the liquid supply duct and the cross-sectional area of 
the connection openings in a cfirection perpendicular to 
the solution passing direction is selected to be larger^ 
than that of an optional other portion of the liquid supply*; 
duct in a direction perpend cular to the solution passing; 
direction, whereas, in the printer device of the tenth sub-^ 
ject-matter of the invention, the first and second pressu- ~ 
rizing chambers of the pressurizing chamber forming 
unit communicate with the first and second liquid supply 
ducts and the cross-sectional area in a direction per- 
pendicular to the solution passing direction of these * 
connection openings is selected to be larger than that of 
optional other portions of the associated first and sec- 
ond liquid supply ducts. Thus, the pressurizing chamber 
and the liquid supply duct are connected reliably to each 
other, while the first and second pressurizing chambers 
and the first and second liquid supply ducts are also 
connected reliably to each other, thus assuring substan- 
tially constant fluid path resistance in each liquid supply 
duct to emit the ink or the mixed solution stably. Also, 
there is no necessity of increasing the length or each liq- 
uid supply duct thus evading the risk of increasing the 
printer head size. 

In the printer device of the eleventh subject-matter 
of the invention, the width of the portion of the pressuriz- 
ing chamber communicating with the nozzle inlet open- 
ing is smaller than that of optional other portions, 
whereas, in the printer device of the twelfth subject-mat- 
ter of the invention, the width of the portion of the first 
pressurizing chamber communicating with the first noz- 
zle inlet opening is smaller than that of an optional other 
portion. Thus, it becomes possible to prevent air bub- 
bles from becoming affixed to the wall surface of these 
pressurizing chambers to improve the picture quality of 
the recorded picture and reliability. 

Claims 

1 . A printer device comprising: 
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a pressurizing chamber forming unit having a 
pressurizing chamber and a liquid supply duct 
for supplying the liquid to said pressurizing 
chamber; 

a vibration plate arranged for overlying said s 
pressurizing chamber; 

a piezoelectric device arranged in register with 
said pressurizing chamber via said vibration 
plate; 

a hard member formed with a nozzle inlet 10 
opening communicating with said pressurizing 
chamber; and 

a resin member formed with an emission noz- 
zle communicating with said nozzle inlet open- 
ing, is 

2. The printer device as claimed in claim 1 wherein 
said hard member is formed of metal. 

3. The printer device as claimed in claim 2 wherein 20 
said metal is nickel or stainless steel. 

4. The printer device as claimed in claim 1 wherein 
said hard member and the resin member are lay- 
ered together. 2s 

5. The printer device as claimed in claim 1 wherein the 
nozzle inlet opening of the hard member is larger in 
diameter than the emission nozzle of the resin 
member. 3c 

6. The printer device as claimed in claim 1 wherein a 
protrusion is formed around an opening of the noz- 
zle inlet opening towards the resin member. 

35 

7. The printer device as claimed in claim 1 wherein the 
hard member has a thickness of not less than 50 
jim. 

8. The printer device as claimed in claim 1 wherein the 40 
resin member is formed of resin having a glass 
transition temperature of not higher than 250°C. 

9. The printer device as claimed in claim 1 wherein the 
resin member is formed of first resin having a glass 45 
transition temperature of not higher than 250°C and 
second resin having a glass transition temperature 

of not lower than 250°C, said second resin being 
layered on said first resin. 

50 

1 0. The printer device as claimed in claim 1 wherein the 
pressurizing chamber is formed on one surface of 
the pressurizing chamber forming unrtrthe vibration 
plate and the piezoelectric device are arranged on 

the surface, the liquid supply duct is formed on the ss 
opposite surface of the pressurizing chamber form- 
ing unit and wherein the hard member and the resin 
member are arranged on this opposite surface. 



11. The printer device as claimed in claim 10 wherein 
the pressurizing chamber forming unit is formed of 
metal. 

12. The printer device as claimed in claim 11 wherein 
the pressurizing chamber forming unit has a thick- 
ness not less than 0.1 mm. 

13. The printer device as d aimed in claim 1 wherein a 
plurality of the pressurizing chambers are formed in 
a pre-set direction, each one liquid supply duct is 
provided for each pressurizing chamber, a liquid 
supply source is provided for supplying the liquid to 
each liquid supply duct and wherein the liquid sup- 
ply duct is arranged obliquely to the arraying direc- 
tion of the pressurizing chambers. 

14. The printer device as claimed in claim 13 wherein 
each liquid supply duct is formed at an angle not 
less than 45° and less than 80° to the arraying 
direction of the pressurizing chambers. 

15. The printer device as claimed in claim 13 wherein 
the liquid supply ducts are of the same shape and 
length. 

16. The printer device as claimed in claim 13 wherein 
the pressurizing chamber forming unit is formed of 
metal and wherein each pressurizing chamber and 
each liquid supply duct are formed by working the 
metal. 

17. The printer device as claimed in claim 1 wherein a 
plurality of pressurizing chambers are arrayed in a 
pre-set direction, each one liquid supply duct is pro- 
vided for each pressurizing chamber, a liquid sup- 
ply source is provided for supplying the liquid to the 
liquid supply source and wherein said liquid supply 
duct is provided obliquely to a delivery surface of 
supplying the liquid to each liquid supply duct from 
said liquid supply source. 

18. The printer device as claimed in claim 10 wherein 
the liquid supply duct and the pressurizing chancer 
of the pressurizing chamber forming unit communi- 
cate with each other and wherein the cross-sec- 
tional area of the liquid supply duct in a direction 
perpendicular to the solution passing direction is 
larger than that of an optional other portion of the 
liquid supply duct in a direction perpendicular to the 
solution passing direction. 



1 9. ~The printer d^ice^ daimed in clairrTl 8 wherein" 

the width of the connection opening is larger than 
the thickness of the pressurizing chamber forming 
unit 

20. The printer device as claimed in claim 18 wherein 
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the width of the liquid supply duct at the connection 
opening or the width of an optional portion other 
than the connection opening is not larger than the 
thickness of the pressurizing chamber forming unit 

5 

21 . The printer device as claimed in daim 1 wherein the 
width of the portion of the pressurizing chamber 
communicating with the nozzle inlet opening is 
smaller than that of an optional other portion of the 
pressurizing chamber. io 

22. The printer device as claimed in claim 21 wherein 
the width of the pressurizing chamber in the vicinity 
of the portion thereof communicating with the noz- 
zle inlet opening is progressively decreased is 
towards said portion communicating with the nozzle 
inlet opening. 

23. The printer device as claimed in claim 21 wherein 

the width of the pressurizing chamber in the portion 20 
thereof communicating with the nozzle inlet open- 
ing is approximately equal to the width of the nozzle 
inlet opening. 

24. The printer device as claimed in daim 21 wherein 2s 
the maximum separation between the inner periph- 
eral wall of the emission nozzle at one rnd towards 

the nozzle inlet opening and the inner peripheral 
wall of the nozzle inlet opening at one end towards 
the emission nozzle in the direction of width is not 30 
larger than 0.1 mm. 

25. The printer device as claimed in claim 21 wherein 
the width of the nozzle inlet opening is not larger 
than 2.5 times the thickness of the pressurizing 35 
chamber forming unit 

26. The printer device as claimed in daim 21 wherein 
the pressurizing chamber forming unit is formed of 
metal and wherein each pressurizing chamber and 40 
each liquid supply duct are formed by etching the 
metal. 

27. A printer device comprising: 

45 

a pressurizing chamber forming unit having a 
first pressurizing chamber into which an emis- 
sion medium is introduced, a first liquid supply 
duct for supplying the mission medium to said 
first pressurizing chamber, a second pressuriz- so 
ing chamber into which a quantization medium 
is introduced, and a second liquid supply duct 
for supplying the quantization medium into said 
second pressurizing chamber; 
a vibration plate arranged for overlying said first ss 
pressurizing chamber and the second pressu- 
rizing chamber; 

a piezoelectric device arranged in register with 



each pressurizing chamber via said vibration 
plate; 

a hard member formed with a first nozzle inlet 
opening communicating with the first pressuriz- 
ing chamber and a second nozzle inlet opening 
communicating with the second pressurizing 
chamber; and 

a resin member formed with an emission noz- 
zle communicating with said first nozzle inlet 
opening and a quantitation nozzle communi- 
cating with said second nozzle inlet opening; 
the quantitation medium being oozed from said 
quantitation nozzle towards said emission noz- 
zle and subsequently the emission medium is 
emitted from said emission nozzle for mixing 
the emission medium with the quantitation 
medium for emitting the resulting mixture. 

28. The printer device as daimed in claim 27 wherein 
said hard member is formed of metal. 

29. The printer device as daimed in claim 28 wherein f 
said metal is nickel or stainless steel. 

30. The printer device as daimed in claim 27 wherein 
said hard member and the resin member are lay- 
ered together. 

31. The printer device as daimed in claim 27 wherein 
the first nozzle inlet opening of the hard member is 
larger in diameter than the emission nozzle of the, 
resin member and wherein the second nozzle inlet, 
opening of the hard member is larger in diameter 
than the quantitation nozzle of the resin member. 

32. The printer device as daimed in claim 27 wherein 
protrusions are formed around openings towards 
the resin member of the first and second nozzle 
inlet openings. 

33. The printer device as daimed in claim 27 wherein 
the hard member has a thickness of not less than 
50 nm. 

34. The printer device as daimed in claim 27 wherein 
the resin member is formed of resin having a glass 
transition temperature of not higher than 250°C. 

35. The printer device as daimed in claim 27 wherein 
the resin member is formed of resin having a glass 
transition temperature of not higher than£50°C and 
a second resin having a glass transition tempera- 
ture of not lower than 250°C. said resin and the sec- 
ond resin being layered together. 

36. The printer device as claimed in daim 27 wherein a 
first pressurizing chamber and a second pressuriz- 
ing chamber are formed on one surface of the pres- 
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surizing chamber forming unit the vibration plate 
and the piezoelectric device are arranged on the 
surface, a first liquid supply duct and a second liq- 
uid supply duct are formed on the opposite surface 
of the pressurizing chamber forming unit and 5 
wherein the hard member and the resin member 
are arranged on this opposite surface. 

37. The printer device as claimed in claim 36 wherein 
the pressurizing chamber forming unit is formed of 10 
metal. 

38. The printer device as claimed in claim 37 wherein 
the pressurizing chamber forming unit has a thick- 
ness not less than 0.1 mm. 15 

39. The printer device as claimed in claim 27 wherein a 
plurality of first pressurizing chambers are formed 
in a pre-set direction, each one first liquid supply 
duct is provided for each first pressurizing chamber, 20 
a plurality of second pressurizing chambers are 
formed in a pre-set direction, each one second liq- 
uid supply duct is provided for each second pressu- 
rizing chamber, a liquid supply source is provided 

for supplying the liquid to each of the first and sec- 25 
ond liquid supply ducts and wherein the first liquid 
supply ducts are arranged obliquely to the arraying 
direction of the first pressurizing chambers. 

40. The printer device as claimed in claim 39 wherein sc 
each first liquid supply duct is formed at an angle 
not less than 45° and less than 80° to the arraying 
direction of the first pressurizing chambers. 

41. The printer device as claimed in claim 39 wherein 35 
the first liquid supply ducts are of the same shape 
and length. 

42. The printer device as claimed in claim 39 wherein 
the pressurizing chamber forming unit is formed of 40 
metal and wherein each first pressurizing chamber 
and each first liquid supply duct are formed by 
working the metal. 

43. The printer device as claimed in claim 27 wherein a 45 
plurality of the first pressurizing chambers are 
arrayed in a pre-set direction, a first liquid supply 
duct is arranged in association with each first pres- 
surizing chamber, a plurality of the second pressu- 
rizing chambers are arrayed in a pre-set direction, a so 
second liquid supply duct is arranged in association 

with each first pressurizing chamber^ there is pro 

vided a liquid supply soiree for supplying the liquid 
to said first and second liquid supply ducts and 
wherein said first liquid supply ducts are arranged ss 
in an oblique direction relative to the delivery sur- 
face for supplying the liquid from said liquid supply 
source to each said first liquid supply duct. 



44. The printer device as claimed in claim 36 wherein 
the first pressurizing chamber and the second pres- 
surizing chamber of the pressurizing chamber 
forming unit communicate with the first liquid supply 
duct and the second liquid supply duct respec- 
tively, and wherein the the liquid supply duct and 
the pressurizing chamber of the pressurizing cham- 
ber forming unit communicate with each other and 
wherein the cross-sectional area of the liquid sup- 
ply duct in a direction perpendicular to the solution 
passing cfirection is larger than that of an optional 
other portion of the liquid supply duct in a direction 
perpendicular to the solution passing direction. 

45. The printer device as claimed in claim 44 wherein 
the width of the connection opening is larger than 
the thickness of the pressurizing chamber forming 
unit 

46. The printer device as claimed in claim 44 wherein 
the width of the first liquid supply duct at the con- 
nection opening or the width of an optional portion 
other portion of the first liquid supply duct than the 
connection opening, whichever is narrower, is not 
larger than the thickness of the pressurizing cham- 
ber forming unit while the width of the second liquid 
supply duct at the connection opening or the width 
of an optional portion other portion of the second 
liquid supply duct than the connection opening, 
whichever is narrower, is not larger than the thick- 
ness of the pressurizing chamber forming unit. 

47. The printer device as claimed in claim 27 wherein 
the width of the portion of the first pressurizing 
chamber communicating with the first nozzle inlet 
opening is smaller than that of an optional other 
portion of the first pressurizing chamber and 
wherein the width of the portion of the second pres- 
surizing chamber communicating with the second 
nozzle inlet opening is smaller than that of an 
optional other portion of the second pressurizing 
chamber 

48. The printer device as claimed in claim 47 wherein 
the width of the first pressurizing chamber in the 
vicinity of the portion thereof communicating with 
the first nozzle inlet opening is progressively 
decreased towards said portion communicating 
with the first nozzle inlet opening, and wherein the 
width of the second pressurizing chamber in the 
vicinity of the portion thereof communicating with 

thesecond nozzle inlet opening is progressively 

decreased towards said portion communicating 
with the second nozzle inlet opening 

49. The printer device as claimed in claim 47 wherein 
the width of the first pressurizing chamber in the 
portion thereof communicating with the first nozzle 
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inlet opening is approximately equal to the width of 
the first nozzle inlet opening and wherein the width 
of the second pressurizing chamber in the portion 
thereof communicating with the second nozzle inlet 
opening is approximately equal to the width of the s 
second nozzle inlet opening. 

50. The printer device as claimed in claim 47 wherein 
the maximum separation between the inner periph- 
eral wall of the emission nozzle at one end towards 10 
the first nozzle inlet opening and the inner periph- 
eral wall of the first nozzle inlet opening at one end 
towards the emission nozzle in the direction of 
width is not larger than 0.1 mm and wherein the 
maximum separation between the inner peripheral is 
wall of the quantitation nozzle at one end towards 
the second nozzle inlet opening and the inner 
peripheral wall of the second nozzle inlet opening at 
one end towards the quantitation nozzle in the 
direction of width is not larger than 0.1 mm 20 

51. The printer device as claimed in claim 47 wherein 
the width of the first nozzle inlet opening and that of 
the second nozzle inlet opening are not larger than 

2.5 times the thickness of the pressurizing chamber 2s 
forming unit. 

52. The printer device as claimed in claim 47 wherein 
the pressurizing chamber forming unit is formed of 
metal and wherein each pressurizing chamber and 30 
each liquid supply duct are formed by etching the 
metal. 
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